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The catalytic properties of Pd deposited on SiC(0001) single crys-
tals were examined. The SiC surface was prepared by ion bombard-
ment and annealing, and characterised by AES, LEED, and XPS
under UHV conditions. The surfaces obtained showed a carbon
terminated surface, with a (1 × 1) LEED pattern. The model cata-
lyst was obtained by vapodeposition of pure Pd. Three deposits
were particularly studied corresponding respectively to 1.9 × 1014,
5.4 × 1014, and 2.9 × 1015 Pd/cm2. The Pd/SiC deposits were first
characterised by AES, XPS, and tapping mode AFM. From quan-
titative treatment of the XPS data and analysis of AFM images
(obtained “in air” on these surfaces after a reaction) one concludes
that Pd particles are rather “flat.” Moreover, Pd particles were found
to retain some interaction with the SiC support leading to nearly a
1-eV higher energy of the Pd3d5/2 level measured by XPS, as com-
pared to massic Pd. Their catalytic properties were tested for the
1,3-butadiene hydrogenation reaction. The activities obtained, per
Pd surface atom, range above those found for Pd surface atoms on
pure Pd(111) and Pd(110). c© 1998 Academic Press
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INTRODUCTION

Refractory materials having good thermal conductivity,
such as SiC, display a potential interest as supports for
metallic catalysts. Indeed, they are expected to be very sta-
ble at high temperature and for largely exothermic reac-
tions exhibiting high turnover frequencies (TOF) because
of the high thermal conductivity of SiC, which could avoid
the sintering of the metallic active phase. Recent works have
indeed shown that employing such catalysts can be very suc-
cessful in exothermic reactions (1–4). However, only little
information about the metal/SiC close interaction on such
catalysts is available (3, 5). The nucleation and the growth
mechanism of the deposited metallic active phase must be
influenced by the surface composition and structure of SiC.
So, in order to go further on, studies of the growth mech-
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anism of active metals on different kinds of SiC surfaces,
Si terminated and/or C terminated, for instance, and the
consequences on the catalytic performances (activity and
selectivity) of such model catalysts for reactions testing the
intrinsic properties of the metallic phase (hydrogenation
and oxidation reactions) have to be carried out.

In the present work we studied the Pd layered, by atomic
beam deposition technique, on a SiC(0001) single crystal
substrate. The test reaction of the chemical properties of
the active metallic phase was the hydrogenation of 1,3-
butadiene, a reaction for which Pd is the most commonly
used catalyst. The surface characterisation was done by
in-situ auger electron spectroscopy (AES), low electron
energy diffraction (LEED), quasi in situ X-ray photoelec-
tron spectroscopy (XPS), and “in-air” tapping mode atomic
force microscopy (TM-AFM).

EXPERIMENTAL

The SiC single crystal samples were obtained from CREE
(NC, USA). They presented the hexagonal 6H type struc-
ture.

The experimental setting has been fully described else-
where (6). It combines the following parts:

i. a UHV chamber (base pressure of 5 × 10−10 mbar),
where clean surfaces were obtained by repeated cycles of
Ar+ ion bombardment (3.5 keV energy) and heating with
an IR lamp. A four-grid LEED and AES (retarding field
analyser) facilities were also available in order to control
in situ the surface before and after reaction.

ii. a preparation chamber (base pressure of 3 ×
10−9 mbar) equipped with Knudsen cells for metal evap-
oration. The Pd deposition rate was 2.4 × 1013 cm−2 s−1. It
was controlled by a quartz microbalance, which was for-
merly calibrated by measuring the deposited quantities by
Rutherford backscattering spectroscopy. In all cases the Pd
on SiC deposits were prepared under UHV conditions. The
Pd deposition was made on a limited area of the sample,
0.65 cm2, corresponding to a circular diaphragm of 0.9 cm
diameter located just in front of the SiC support.
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iii. a low volume (84 cm3) reactor in which the sample
can be isolated after transfer under UHV conditions, that
is capable of working at pressures higher than the atmo-
spheric pressure. It operates in the static mode. It has been
slightly modified in order to make the sampling for chro-
matography analysis possible.

The progress of the reaction was firstly monitored by
means of a mass spectrometer located in the preparation
chamber communicating through a leak valve with the re-
actor. In a second experiment, the reaction gases were in-
troduced, through a valve, into a smaller volume (<3 cm3)
in which a septum was adjusted. A gas sample could thus
be taken several times during a reaction run by means of a
syringe (1 ml) through the septum and then analysed by gas
phase chromatography. Care was taken to limit the number
of samplings so that the reaction rate was not perturbed by
the modification of the partial pressures and by the possible
introduction of some air through the nipple.

iv. a UHV box, pumped separately by a 20 liter/s ion
pump, allowing transfer of samples without exposure to air
to the XPS instrument.

XPS was carried out in an ESCALAB 200R (Fisons Inst.,
UK), with using an Al Kα line. The C1s and Si2p peak de-
composition was done using a multidimensional nonlinear
optimisation method (7). The FWHM was set to 1.7 eV for
the C1s peak and 2.0 eV for the Si2p peak and the Gauss–
Lorentz mixing parameter was set to 0.7/0.3. The centre
energy and the height of the peaks were determined by the
multidimensional nonlinear optimisation method.

AFM observations were performed in air with a
Nanoscope III Multimode (Digital Instruments Inc., Santa
Barbara, CA, USA). Since the particles are supposed to
be weakly bounded to the SiC surface the use of contact
AFM is not very suitable as the particles will most certainly
be swept aside by the rastering of the tip over the surface.
We have thus used a more suitable imaging mode which is
tapping mode AFM (TM-AFM) where the tip oscillates at
high frequency (around 300 kHz) and comes into contact
with the surface at each oscillation (it “taps” the surface).
As the tip is scanned over the surface one can record the
modification induced by the surface height variation to the
oscillation amplitude obtaining thus a topographic image
of the surface (8). Since the tip is not in permanent con-
tact with the surface during the scan, sample deterioration
is minimised. Si tips with typical curvature radius of 10 nm
were used.

RESULTS AND DISCUSSION

We will first present the results relative to the cleaning
and characterisation procedure of the SiC support itself.
Afterwards, the behaviour of the Pd/SiC deposits will be
described.

(a) The SiC(0001) Support

The SiC support preparation was standardised to re-
peated cycles of Ar+ ion bombardment (3.5 keV energy)
followed by a short annealing (5 min) at 870 K.

In Fig. 1 are reported the C1s and Si2p XPS spectra of a
so-treated SiC(0001) sample, for two angles (90◦ and 30◦,
respectively with respect to the surface plane). The Si2p

photoelectric peak is largely dominated by a component
attributed to Si bonded to C which is used as the reference
peak and is set to 100.2 eV. Values found in the literature for
the energy of the Si2p peak for Si bonded with C in SiC vary
from 100.0 to 100.6 eV (9–12). Some contribution of SiOx

species is also detected near 102 eV energy. The C1s peak
can be decomposed into three contributions. The main one,
appearing at 282.7 eV, is attributed to the carbide SiC form.
The second one, located near 284.2 eV, whose intensity in-
creased when the measurement was made nearer grazing
emergence for the photoelectrons, has to be associated to
the presence of some excess of carbon at the surface. It can
be attributed to some graphite formation by the excess of
carbon present in the surface region, as frequently postu-
lated (13, 14), or to some special form of carbon terminating
the SiC(0001) surface (15). From the quantitative XPS data
a simple “layer by layer” model (with attenuation of the

FIG. 1. C1s and Si2p XPS spectra obtained on the SiC(0001) sample af-
ter Ar+ ion bombardment (3.5 keV energy) and further annealing (870 K).
The spectra are presented here after background substraction and decom-
position. The results are given for two exit angles (90◦ and 30◦ with respect
to the surface plane), and an AlKα X-ray source.
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TABLE 1

Si and C Concentration Ratios Deduced from the Si2p and C1s

XPS Peaks Obtained on the SiC(0001) Given in Fig. 1, after Data
Treatments (Background Subtraction and Decomposition)

Sputtered Annealed

90◦ 30◦ 90◦ 30◦

C(SiC)/Si(SiC) 0.68 0.68 0.74 0.74
C(284.2 eV)/C(SiC) 0.39 0.67 0.32 0.59

intensity of the photoelectrons in the material following a
classical Lambert–Beer law) allows us to estimate the thick-
ness of the C surface layer to about one/two atomic layers.
Finally, the very small C1s peak (at ≈286 eV) corresponds
to some CO like “contamination” carbon.

The LEED pattern observed on the Ar+ ion (3.5 keV,
0.5 µA · cm−2, 10 min) sputtered and annealed (at 870 K)
surface corresponds to a (1 × 1) structure.

It has to be noted that the 1–2 layers of carbon terminat-
ing the structure were present at the extreme surface even
just after ion bombardment. The short annealing we used
did not actually affect that C component; it only structures
the surface, as evidenced by the appearance of spots on the
LEED pattern. Consequently, The surface can be regarded
as a 1–2 C epitaxial layer(s) on a SiC substrate having char-
acteristics a bit different than graphite, as demonstrated by
the results using the synchrotron radiation facilities (15). In
any case, one has to anneal at higher temperatures (around
1400 K) to get a surface with an higher carbon content; this
carbon has then the characteristics of graphite (13–15). The
results are summarised in Table 1.

The C/Si stoichiometry determined from the C and Si
XPS peaks components (associated to SiC) is not found to
equal one. It seems to be characteristic of some excess of
Si, i.e. of some lack of C, in the SiC structure just under
the outer C-rich surface. However, some uncertainty could
come from an underestimation of the C(SiC) contribution
in the C1s peak during the decomposition.

The Pd deposits have been made on the SiC(0001) sam-
ple, used as support, prepared by sputtering and a short
annealing at 870 K, which present a well-organised C-
terminated surface.

(b) The Pd Deposits

Three Pd deposits were investigated. Two submonolayer
ones containing approximately 1.9 × 1014 (sample #1) and
5.4 × 1014 Pd atoms/cm2 (sample #2), and a “multi” layer
one containing 2.9 × 1015 Pd atoms/cm2 (sample #3).

XPS Measurements

The XPS measurements were made directly after deposi-
tion and prior to reaction. Pd3d, C1s and Si2p XPS peaks are

given in Fig. 2 for the three Pd deposits on SiC(0001) and
for an exit angle of the photoelectrons at 90◦ with respect
to the surface plane. The results of the treatment of the raw
data for the three samples and for both 90◦ and 30–40◦ exit
angles are reported in Table 2. The XPS peak located near
284.2 eV can be regarded as the contribution of two compo-
nents: the outer 1–2 monolayer of carbon evidenced on the
SiC crystal and some carbon pollution which can vary, de-
pending on the time necessary for the complex transfer of
samples from the elaboration cell to the analysis chamber.
This contribution seems to be larger when the Pd content
is higher.

The energy of the Pd3d is very similar for the three de-
posits going from 336.0–336.1 for the 2 ML Pd sample to
336.2–336.3 for the submonolayer ones; only the shape of
the peaks undergoes small changes (Fig. 2). The energy
value (336.0 to 336.3 eV), is slightly higher than that mea-
sured for a pure Pd sample, 335.4 eV. Given the impreci-
sion of the reference energy used we tried to estimate the
value for “metallic” Pd by preparing another sample, where
9.07 × 1015 atoms/cm2 of Pd were deposited (∼6 equivalent
Pd layers); the energy of the Pd3d peak was measured at
335.7 eV. There is only a small increase in the value of the
Pd3d5/2 photoelectric peak energy with decreasing Pd cover-
age on the SiC(0001) substrate. This is quite different from
what is observed generally. Indeed, on many other sub-
strates, such as silica, alumina, amorphous carbon, graphite,
a significant upward shift of the Pd 3d5/2 photoelectric peak
has been measured for low Pd content attributed to the
presence of very small Pd particles (16–18), i.e. lower than
2–3 nm in diameter, or very flat (6), i.e. of less than 2–3
atomic layers thickness. One can therefore a priori think
either that the particles remain very small while increasing
the Pd coverage, even for the two monolayer #3 sample,
or that some interaction is retained between Pd particles
and the considered SiC support, even if a 3D-like growth
exists.

Let us now consider the relative areas of the Pd3d and Si2p

photoelectron peaks. Assuming a layer by layer growing
mode and a classical model with attenuation of the intensity
of the photoelectrons in the material following a classical
Lambert–Beer law, the thickness of the Pd layer is calcu-
lated to be respectively 0.1, 0.5, and 2 monolayers (ML)
for the considered samples, with 1 ML = 1.53 × 1015 Pd/cm2

which corresponds to the surface density for the Pd(111)
face. These values fit well the effective amount of deposited
Pd both at 30◦ (40◦ for the #1 sample), and 90◦ for the
exit angle of the photoelectrons with respect to the surface.
This indicates that Pd is well dispersed on the SiC surface,
on both samples. With respect to such results, one can think
that the ad-layer grows either in a 2D configuration or forms
very small aggregates.

In order to go further in the characterisation of the Pd
ad-layer TM-AFM was used.
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FIG. 2. XPS spectra (with arbitrary units for the Y-axis) of Pd3d, C1s, and Si2p for respectively 1.9 × 1014, 5.4 × 1014, and 2.9 × 1015 Pd/cm2 deposits
on SiC(0001), after background substraction and decomposition. The results are given for an exit angle of 90◦ with respect to the surface plane and an
AlKα X-ray source.

Atomic Force Microscopy Observations

Images obtained by TM-AFM show a very flat surface
in the case of the single crystal (Fig. 3a); only some traces
of polishing can be observed. In areas of up to 5 µm maxi-
mum height variations of about 7 nm (peak-to-valley) are
observed and the mean roughness (Ra) is around 0.8 nm.

In the case of samples #1 (Fig. 3b), #2 (Fig. 3c), and #3
the images show randomly distributed particles. The image
presented here of samples #1 and #2 were acquired after re-
action, but images acquired before reaction are very similar.

From a quantitative point of view the direct measure-
ment of particle size in the AFM images is not very accurate
since the obtained images are the result of an addition of
geometric contributions of tip and sample. However, in the
case of sample #1 an estimation of the particle size can be

TABLE 2

Pd3d5/2 Binding Energy Value (eV) Together with Pd, Si, and C Concentration Ratios Deduced from
the Pd3d, Si2p, and C1s XPS Peaks of the Pd-SiC(0001) Deposits Given in Fig. 2, after Data Treatment
(Background Subtraction and Decomposition)

#1 (1.9 1014 at/cm2) #2 (5.4 1014 at/cm2) #3 (2.9 1015 at/cm2)

90◦ 40◦ 90◦ 30◦ 90◦ 30◦

Pd3d5/2 336.2 336.3 336.1 336.1 336.1 336.0

C(SiC)/Si(SiC) 0.68 0.66 0.71 0.71 0.70 0.70
C(284.2 eV)/C(SiC) 0.42 0.93 0.39 0.96 0.77 1.74
Pd3d5/2/Si(SiC) 0.01 0.016 0.08 0.14 0.37 0.71

Note. The energy of the Si2p peak of SiC is taken as reference at 100.2 eV.

obtained, assuming typical characteristics of the tip (namely
a curvature radius of the tip of 10 nm and hemispheric apex
ending a conical tip). The particles have apparent (AFM)
sizes (Table 3) of about 20 nm which correspond, after tak-
ing into account tip contribution (in this method we need to
use badly known parameters, such as the precise tip curva-
ture radius, to deduce the size of the particles), to particle
real sizes of about 10 nm; the measured heights of the par-
ticles are around 2 nm. By taking into account the density
of particles, together with the mean diameter (see Table 3),
one can estimate the surface fraction covered by palladium
as around 3%. A simple calculation allows us to estimate
heights of seven nearby atomic layers for the Pd particles
of the 0.2 ML deposit, assuming an interatomic distance of
0.225 nm (the value for (111) palladium planes) between
successive Pd planes. Such a value is not very far from that
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FIG. 3. TM-AFM images of the SiC(0001) surface and of samples #1 and #2: (a) 500 nm × 500 nm image of the SiC support; (b) 500 nm × 500 nm
image of sample #1; (c) 500 nm × 500 nm image of sample #2.

of nine nearby atomic layers, deduced from the direct mea-
surements by AFM.

In the case of sample #2 and sample #3 the number of
particles increases significantly.

For sample #2, the surface coverage by Pd particles is
estimated to 5.3%, with a mean diameter equal to 10.4 nm
(Table 3). This reasonably agrees with a mean height value
of 2 nm, as measured.

For sample #3 the density of Pd particles is too high, yield-
ing distances between particles much smaller than the tip
dimension which makes estimation of the particle number
and size practically irrelevant. In any case, AFM measure-
ments indicate clearly that there are no big Pd particles
even for 2–6 Pd monolayers. A scenario in which Pd parti-
cles keep a rather constant (7–9 layers) height, but whose
number first increases from low Pd content up to form a
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TABLE 3

Number of Particles, Mean Diameter, and Height Calculated
from the AFM Image of Fig. 3

Number of particles Diameter φ Height h
(cm−2) (nm) (nm)

#1 (1.9 × 1014 at/cm2) 4.9 × 1010 9.1 (3.50) 2.0 (0.62)
#2 (5.4 × 1014 at/cm2) 6.2 × 1010 10.4 (4.20) 2.0 (0.72)

Note. The number of Pd atoms and of Pd surface atoms is calculated
for cylindrical particles. Standard deviation in parentheses.

quasi continuous film at 6 monolayer coverage, agrees well
with the results.

In conclusion, the very thin palladium film can be re-
garded as formed by particles in the shape of disks of
roughly 10-nm diameter and 2-nm height. The number of
particles and their mean diameter increase with coverage,
without important change of their height. As mentioned
above the quantitative values given in Table 3 must be re-
garded as indications, rather than exact values.

The presence of relatively flat particles, clearly evidenced
on samples #1 and #2, explains why the layer by layer ap-
proach we used fits well the XPS results. However, the
height of these particles corresponding to something like
9 atomic layers, is probably large enough to expect 3D-like
properties to the Pd particles, even for samples containing
low quantities of metal. It is therefore surprising to mea-
sure quite high energy values for the Pd3d5/2 binding energy,
and one has to consider that some interaction between the
Pd particles and the support does exist. Such an interac-
tion could appear through direct chemical interaction or via
some epitaxial strain effect. In any case, one has to think
that such an interaction is retained even if the Pd coverage
is increased, in the limit of the Pd coverages investigated,
since the Pd3d5/2 energy value does not change significantly
with the Pd coverage.

Catalytic Reactivity of the Pd Deposits

The hydrogenation reactions were performed at T =
300 K, under a total pressure of about 20 mbar; the PH2 /
PC4H6 ratio was 5. Runs performed on the clean support
allow us to verify that the conversion of butadiene is negli-
gible without deposited Pd.

A typical evolution of the butadiene, butenes, and butane
pressures, monitored by mass spectrometry versus reaction
time, is given in Fig. 4a. It corresponds to the data gained
for the #3 sample. The conversion of butadiene to butenes is
highly selective up to the total conversion of the butadiene.
The linear decrease of the butadiene pressure versus time
agrees with a zero order with respect to this reagent, which
is generally observed (19).

The butadiene, 1-butene, cis-2-butene, trans-2-butene,
and butane percentages monitored by gas chromatography

are plotted against the reaction time in Fig. 4b. One can
distinguish different phases during the hydrogenation reac-
tion. First, 1-butene and trans-2-butene are mainly formed.
Then, either just before the complete conversion of butadi-
ene or at the beginning of butenes hydrogenation, a rapid
isomerisation reaction is evidenced:

1-butene → 2-trans-butene + 2-cis-butene.

The final phase corresponds to the hydrogenation of
butenes. The 1-butene hydrogenation appears to proceed
faster than that of 2-butenes, but it competes with the iso-
merisation reaction into 2-butenes. Such phenomena are
commonly encountered in the case of pure Pd (20, 21). The
combination of such a competition with different hydro-
genation rates for 1- and 2-butenes, together with the sig-
nificant decrease of the H2 pressure in the course of the run,
explains the nonlinearity of the curves reported in Figs. 4a
and 4b after the total conversion of 1,3-butadiene.

To summarise, after the complete conversion of butadi-
ene, the 1-butene is very rapidly isomerised to cis-butene
and trans-butene, or converted to butane.

The reactivity diagrams of all the studied samples are
quite similar in shape; only the time scale is changed. The
catalytic activities for the butadiene → butenes conversion,
deduced from these reactivity diagrams, are reported in
Table 4. They are calculated for PH2 = 13.33 mbar and with
the assumption of a first-order reaction for H2 as generally
admitted (19). They are compared with the results previ-
ously obtained for pure Pd(111) and Pd(110) single crystals
(22). One has to note that, in the case of Pd single crystals,
the H2 pressure was maintained at 6.67 mbar in order to
avoid the bulk hydride formation which provokes the de-
struction of the monocrystalline state of the crystals. In the
case of sample #1, assuming a 2-nm thickness for the Pd
particles, as measured by TM-AFM, one has to consider
that the reactivities measured per Pd surface atom of the

TABLE 4

1,3-Butadiene Hydrogenation Activities (Extrapolated
for 13.33 mbar Hydrogen Pressure)

#1 #2 #3 Pd (110) Pd (111)

nPd

(1015 atoms/cm2) 0.19 0.54 2.9 0.94 1.54

Activity
(1015 mol · cm−2 · s−1) 0.35 0.31 1.45 2.14 0.43
(mol · s−1 per Pd atom) 1.8 0.6 0.5
(mol · s−1 per surfacea Pd atom) 9a 3a 2.3 0.4

Note. The results for Pd(110) et Pd(111) are given for comparison (14).
a Calculated assuming uniform metal particles in shape of disks, with

diameter φ = 10 nm and height h = 2 nm. With such values, ≈20% of the
total number of Pd atoms contained in a metal particle are in contact with
the gaseous phase.
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FIG. 4. Butadiene, butenes, and butane concentrations versus the reaction time as followed by (a) mass spectrometry; (b) gas phase chromatography.
(Butadiene pressure = 3.8 mbar, hydrogen pressure = 19.2 mbar, deposit = 2.9 × 1015 Pd/cm2.)

metal deposited on the SiC(0001) support are significantly
higher than those measured per Pd surface atom of bulk
materials. This phenomenon is similar for sample #2 while
a bit less pronounced if one considers the values obtained
for a given catalytic reaction and the morphology deduced
from AFM. Since uncertainties in both catalytic and AFM
measurements exist, the values calculated per Pd surface
atom and reported in Table 4 have to be taken as tenden-
cies rather than absolute values. In any case the reactivity
of deposits are larger than those of pure Pd bulk materi-
als. This can be attributed to some electronic effect induced
by the support which would explain the higher value of
the Pd3d5/2 binding energy measured by XPS for the SiC-
supported Pd particles, as compared to pure Pd. But, it is

difficult to understand how this electronic effect could be
still “visible” for these 10-nm diameter and 2-nm height, i.e.
rather large, particles. Another effect which could increase
the apparent reactivity of the Pd aggregates could be given,
based on kinetics considerations, via a possible migration
of some reactant impinging the support sufficiently near
the metal particles, inside an extended area defined by the
radius of capture, and migrating to the metal particles.

In Fig. 5 are reported the reactivity values we have ob-
tained on different samples going from 1.9 × 1014 to 8.21 ×
1015 Pd atoms/cm2, most of them concentrated in our area
of interest, i.e. between ∼0.15 ML and ∼2 ML Pd coverage.
In a general way, the butadiene hydrogenation proceeds
faster in the case of the more dense Pd deposits.
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FIG. 5. Reactivity values obtained on different samples going from
1.9 × 1014 to 8.21 × 1015 Pd atoms/cm2.

SUMMARY AND CONCLUSION

Thin layers of palladium (0.15 to 2 ML) obtained by
atomic beam deposition of palladium on a C terminated
SiC(0001) are constituted of relatively flat Pd aggregates.
However, the particles formed are sufficiently high (around
9 atomic layers) to keep their metallic character. The num-
ber of Pd particles increases with Pd coverage, without no-
ticeable increase of the particle size. Such a growth mode
is quite different from that observed on supports like SiO2,
Al2O3, amorphous C, and HOPG graphite (6, 16–18) which
exhibit a lot of surface defects acting as nuclei, and on
which the number of particles is generally found to be quite
constant; their sizes increase then with coverage and their-
electronic and chemical properties are therefore changed.
Unlike these supports, a growing process leading to the
formation of rather large Pd particles takes place on the
SiC(0001) substrate, even for low Pd content. The number
of particles increase with the Pd coverage without signifi-
cant modification of the physical properties.

The Pd3d5/2 binding energy value of the Pd particles pre-
pared by atomic beam deposition on SiC(0001) (more than
336 eV) is quite high, as compared to pure Pd (335.4 eV), or
to Pd supported on cubic SiC catalysts prepared by chemi-
cal ways (334.8 eV) (24). This is an indication of some metal/
support interaction which might depend on the way the SiC
support was prepared and/or the metal was deposited onto
the support.

The enhancement of the activity for the butadiene,1-3 hy-
drogenation reaction of the surface metal atoms of the Pd/
SiC model catalysts so produced as compared to pure Pd
could be due to some remaining interaction between the
Pd particles and the SiC support, even if the metal particles
appear to be quite large. In the limit of two-monolayer cov-
erage, the activity of the “flat” Pd particles so produced
remains proportional to the number of Pd atoms depo-
sited.
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