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The surface chemistry of Mo(CO)s on Pt(110), Mo/Pt(110) and MoO,/Pt(110) surfaces was investi-
gated by high-resolution electron energy loss spectroscopy and thermal desorption spectroscopy. The
Mo/Pt(110) surface was prepared by dosing Mo(CO)s on Pt(110) at 700K followed by annealing at
1000 K. The oxidation of Mo/Pt(1 1 0) surface leads to the formation of MoO,/Pt(110) surface. Mo(CO)g
molecularly chemisorbs on the clean Pt(110) and MoO,/Pt(110) surfaces at 100 K, however, undergoes
partial dissociation on the Mo/Pt(1 1 0) surface. The Mo/Pt(1 1 0) surface more strongly donates electrons
to adsorbates than the Pt(1 1 0) and MoOy/Pt(1 1 0) surfaces, and thus exhibits a higher reactivity toward
Mo(CO)s. We propose that the interaction of CO ligands in Mo(CO)s with the metal surface determines
the adsorption behavior of Mo(CO)g. Our work enriches the surface chemistry of Mo(CO)s on metallic

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The adsorption and reactivity of organometallic compounds
on catalyst surfaces have recently attracted increasing attention.
Group VIB hexacarbonyls render themselves suitable as precursors
for selective metal deposition on surfaces, providing an effective
approach to prepare supported metal catalysts [1,2]. The metals
in the carbonyls are normally in the zero-valent state and the CO
ligands are stable, noncondensable gas, therefore, thermal decom-
position of metal carbonyls can, in principle, eliminate CO from the
carbonyl molecules and thus deposit the metal on the surface. Ther-
mal decomposition of W(CO)g [3,4] and Fe(CO)s [4-8] has been
investigated and subsequently mechanistic studies of the thermal
decomposition was in connection with chemical vapor deposition
processes. Employing these metal carbonyls as the precursor, the
metallic components can be deposited on substrates.

Mo(CO)g is usually used as an effective metal-containing
precursor for the preparation of the molybdenum species in het-
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erogeneous catalysis [4,9-13]. Therefore, it is very meaningful
to investigate the adsorption and decomposition of Mo(CO)g on
various substrates, and to acquire a thorough comprehension of
the mechanism of chemisorption and thermal decomposition of
Mo(CO)g. So far, the adsorption and reaction of molybdenum hex-
acarbonyl have been extensively investigated on catalyst supports,
such as silica [14,15], y-alumina [16,17] and alumina thin films
[18-25]. This can provide insights into fabrication of real cata-
lysts modified by molybdenum species. Chemisorption of Mo(CO)g
are primarily dependent on chemical properties of substrates. The
dissociative adsorption of Mo(CO)g occurred on Rh(100) [26,27]
whereas molecular adsorption of Mo(CO)g occurred on graphite
and Ag(11 1) surfaces [28]. Chemical modification of surfaces has
been shown to influence photodecomposition of metal carbonyls
considerably by altering both electronic and physical natures of
substrate surfaces [29-31]. Mo(CO)g adsorbed dissociatively on
Ru(00 1) surface, but chemical modifications of the surface by O-
and S-adatoms could substantially stabilize the Mo(CO)g adsorbate
and thus suppress the decomposition [29]. It was reported that
Mo(CO)g molecularly and dissociatively chemisorbed on the clean
and K-modified Cu(11 1) surfaces, respectively [30]. A complete
molecular adsorption of Mo(CO)g occurred on clean Si(111)-7 x 7
whereas the partial dissociation was observed on K-preadsorbed
Si(111)-7 x 7, which was attributed to an increase of the surface
electron density of Si(1 1 1) by potassium [32]. Moreover, the extent
of dissociation was found to depend on the potassium coverage, and
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a high potassium coverage resulted in a large fraction of dissociation
[30]. Meanwhile, coadsorption of potassium was also observed to
significantly enhance the photodissociation of Mo(CO)g adsorbed
on Cu(111) and Si(111)-7 x 7 by opening a completely different
photodissociation channel that became energetically possible due
to substantial decreases in the work function [33].

In a preceding paper [13] metallic molybdenum was deposited
on platinum substrates via thermal decomposition of Mo(CO)g
and subsequent annealing at high temperatures, without any car-
bon and oxygen contaminants. The surface chemistry of metal
carbonyls was also studied on platinum surfaces by Zaera [6]. In
this paper, Mo(CO)s adsorption was comparatively investigated
on clean, Mo-modified and MoOx-modified Pt(110) surfaces. We
found that Mo(CO)g molecularly adsorbs on the clean Pt(110) and
MoOy/Pt(110) surfaces but partially dissociates on the Mo/Pt(1 1 0)
alloy surface. The modification of Pt(110) by metallic molybde-
num is responsible for the observed enhanced reactivity toward
Mo(CO)g. The oxidation of Mo into MoOy hinders the Mo-Pt interac-
tion, causing MoOy/Pt(1 1 0) more inert than Mo/Pt(1 1 0). Our work
enriches the surface chemistry of Mo(CO)g on metallic substrates.

2. Experimental

Experiments were carried out in an ultrahigh vacuum (UHV) sys-
tem with a base pressure of 2.0 x 10~10 mbar, which was described
in detail elsewhere [12,13,34,35]. In brief, the UHV system was
equipped with facilities for Auger electron spectroscopy (AES),
X-ray photoelectron spectroscopy (XPS), high-resolution electron
energy loss spectroscopy (HREELS), and thermal desorption spec-
troscopy (TDS) experiments. The AE spectra were recorded through
a hemispherical energy analyzer, with an incident electron energy
of 3keV at a pass energy of 150eV. The XP spectra were taken
with Mg Ka radiation (1253.6eV) at a pass energy of 50eV. The
HREEL spectra were collected on an ELS-22 instrument in the spec-
ular direction, with an incident angle of 60° and a primary incident
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Fig. 1. HREEL spectra of (a) a clean Pt(110) surface at 100K, then (b) exposed to
1.0L Mo(CO)s at 100K and subsequently annealed at (c) 150K, (d) 200K, (e) 250K,
(f) 300K, (g) 400K, (h) 500K, (i) 600K, and (j) 700K.

electron beam energy of 5.0 eV. In this paper, the vibrational fre-
quencies were all expressed in the unit of cm~! (1 meV=8cm™1).
The spectral resolution was approximately 100cm~! on a clean
surface. In the TDS experiments, the sample was heated at a rate
of 8 K/s. In order to avoid the signal from the back of the sample,
it was positioned at about 3 mm away from the collector of mass
spectrometer, which was fixed on the inner wall of the flange. The
filament of the mass spectrometer is far behind the collector, and
the adsorbates do not suffer severe electron beam decomposition
induced by electrons from the ionizer of the mass spectrometer.
A Pt(110) single crystal was fixed on the sample holder with Ta
wires, and the temperature was monitored by a chromel-alumel
thermocouple spot-welded on the back side of the sample. The sam-
ple could be either cooled down to 100K with liquid nitrogen, or
resistively heated up to 1200K. The Pt(110) surface was cleaned
by standard procedures, including oxidation, Ar* sputtering and
annealing at a high temperature, until no contaminants could be
detected by AES. Prior to the experiments, Mo(CO)g was purified in
the manifold via several freeze-pump-thaw cycles. Mo(CO)g was
fed through a capillary array doser, which was positioned directly
in front of the sample, thus preventing an undesirable rise in the
background pressure of Mo(CO)g. The exposure was determined
by integrating the pressure increase as a function of time, without
correction for the local dose enhancement and gauge sensitivity.
All exposures determined in this way were specified hereafter as
Langmuirs (1L=1.0 x 10-% Torrs).

3. Results and discussion

Experiments of Mo(CO)g adsorption were all performed at
cryogenic temperatures because of the low sticking coefficient of
Mo(CO)g on solid surfaces at room temperature. Our previous TDS
and XPS results of Mo(CO)g on Pt(110) showed that Mo(CO)g
adsorbed molecularly on the surface at 100 K; most of the adsor-
bates desorbed molecularly from the substrate upon annealing,
and the remainder underwent thermal decomposition with fur-
ther increasing sample temperature [13]. Fig. 1 displays a series
of HREEL spectra of Mo(CO)g with an exposure of 1.0L adsorbed
on a clean Pt(110) surface at 100K and subsequently annealed to
the indicated temperatures. The exposure of 1.0 L Mo(CO)g on clean
Pt(110) gives rise to an intense signal at 2130 cm~! and 2 relatively
weak vibrations at 411 and 600 cm~! in the HREELS. These peaks
could be assigned to the C-0 stretching (vg), Mo-CO stretching (vg)
and Mo-CO bend (v7) modes of adsorbed Mo(CO)g, respectively,
in accordance with the vibrational modes for Mo(CO)g molecules
in the gas phase [36-38] and adsorbed on Si(111) [39], Cu(111)
[30], graphite and Ag(111) [28]. No distinguished combinative
losses, as observed in the case of Mo(CO)g adsorption on thin alu-
mina film [18], were detected. This suggests that a thick physically
adsorbed layer of Mo(CO)g is not formed under this experimen-
tal condition, agreeing well with previous TDS results [13]. These
three vibrations simultaneously shift downward in frequency with
increasing sample temperature up to 200K. Upon annealing at
200K, the C-0 stretching mode is located at 2103 cm~!. This indi-
cates that chemisorbed Mo(CO)g undergoes partial decomposition
upon annealing. Ho and coworkers also observed the downward
shift of the vibrational frequency when adsorbed Mo(CO)g par-
tially decomposed upon irradiation of photons [28,30]. When the
surface was further annealed at 250K, the C-0 stretching mode
shifts upward to 2136 cm~!, meanwhile, the doublet for the Mo-CO
vibrations (the vibrational peaks for Mo-CO stretching and bend
modes) in adsorbed Mo(CO)g disappears. Instead, a single peak
emerges at ca. 444 cm~!. In comparison with the HREEL spectrum
of CO adsorbed on Pt(110) [13], the vibrational features at 2136
and 444 cm~! could be reasonably assigned to the C-0 and Pt-CO
stretching vibrations, respectively. This illustrates that adsorbed
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Fig. 2. Thermal desorption spectra from the Mo/Pt(110) model surface with
Mo(CO)s exposure of (a) OL, (b)0.1L,(c)0.2L,(d) 1.0L, (e) 1.5L, (f) 2.5L,(g) 5.0L, and
(h)10L.

Mo(CO)g has fulfilled desorption and/or thermal decomposition
upon annealing at 250K. The appearance of the vibrational fea-
tures at 444 and 2136 cm~! clearly indicates molecular adsorption
of CO on the clean Pt(110) surface. The C-0 stretching vibration
exhibits one single feature at such high frequency of 2136 cm™!
in HREELS, clearly revealing that only one kind of CO is bonded
to the top sites. This is in accordance with the results in literature
[40], where CO chemisorption exhibited one loss signal on Pt(110),
while two separate peaks on Pt(111). Neither bridge bonded CO
nor any other adsorption site were detected on Pt(110), in good
agreement with Sharma et al., who reported that CO occupied top
sites on Pt(1 1 0) at all coverages and temperatures from 90 to 300 K
[41]. With further increasing sample temperatures, the vibrational
peaks of CO adsorbed on Pt(110) attenuate and eventually disap-
pear upon annealing at 600 K. These observations agree well with
the previous TDS results showing the desorption feature of 28 amu
from the Mo(CO)g-exposed Pt(110) surface at between 300 and
600K [13].

Therefore, molybdenum deposition on Pt(110) could be
achieved via thermal decomposition of Mo(CO)g. We prepared a
Mo/Pt(110) model surface by dosing Mo(CO)s at 700K followed
by annealing at 1000 K, without any carbon and oxygen contam-
inants [13]. The AES result demonstrates a Mo:Pt atomic ratio of
0.068. This only presents the amount of metallic molybdenum
on the employed Mo/Pt(1 1 0) model surface. Since Auger electron
spectroscopy penetrates several layers within the sample, the real
surface molybdenum coverage is slightly higher, but not far higher,
than the value of the surface molybdenum measured by AES. Fig. 2
shows a series of thermal desorption spectra for 28 amu when
Mo(CO)g was dosed to the Mo/Pt(110) model surface at 100K.
At small exposures, a desorption feature develops at ~406 K, and
grows and slightly shifts toward lower temperature with increasing
Mo(CO)g exposure. This peak could be attributed to the desorption
of CO formed by thermal decomposition of adsorbed Mo(CO)g on

the Mo/Pt(110) surface. When the exposure of Mo(CO)g reaches
1.0L, a major new peak emerges at 225 K. This feature continuously
grows with increasing Mo(CO)g exposure and does not saturate
under the employed conditions, meanwhile, the desorption max-
imum of the peak shifts upward in desorption temperature with
further increasing Mo(CO)g exposure. This peak is due to molec-
ular desorption of Mo(CO)g multilayers from platinum sites on
the model surface, similar to previous reports [13,33,39]. We also
observed other new TDS features at approximately 180 and 540K,
when 1.5L Mo(CO)g was dosed onto the Mo/Pt(110) model sur-
face at 100K. The feature at 180K appears in the TDS after the
emergence of the peak at 225K as a function of Mo(CO)g dosage,
and does not exhibit a sign of saturation with increasing Mo(CO)g
exposure. Therefore, this feature must be related with Mo(CO)g
multilayers onto the Mo/Pt(1 1 0) model surface. On clean Pt(110),
there is also the desorption feature at 180K in the TDS profile;
however, it only appears when 3.0 L Mo(CO)g was dosed onto the
Pt(110)at 100K, after all desorption experiments of Mo(CO)g expo-
sure below 3.0 L were performed [13]. Additionally, there must be
some molybdenum clusters remaining on the substrate after a cycle
of thermal desorption at an intermediate Mo(CO)g exposure, due
to thermal decomposition of molybdenum carbonyl. Accordingly,
the feature at 180K might arise from the desorption of Mo(CO)g
multilayers from some minor sites other than Pt, for example, the
residual molybdenum clusters on the model surface. Mo(CO)g des-
orption from a polycrystalline Mo surface exhibited a desorption
feature at 160-180K, and the desorption maximum shifted toward
higher temperature with increasing Mo(CO)g exposure [11]. The
desorption peak for Mo(CO)g occurred between 160 and 190K on
Mo(100), and suggested zero-order desorption [42]. The desorp-
tion feature at 540K is alike assigned to the desorption of CO from
the sites except platinum.

Fig. 3 illustrates a series of HREEL spectra of Mo(CO)g with
an exposure of 10L adsorbed on the Mo/Pt(110) surface at 100K
and subsequently annealed to the indicated temperatures. A minor

10 L Mo(CO), on Mo/Pt(110)

X96 X96

Wh
Wg
Wf

e

l[F
i

2120

435

ELS Intensity (a.u.)

e

.

395 625
(X6) (X6) 2075

b
2065
W a

LI, LA B BN LA T T T T
-200 0 200 400 600 800 1800 2000 2200 2400

N

Energy Loss (cm'1)

Fig. 3. HREEL spectra of (a) a Mo/Pt(1 1 0) model surface at 100K, then (b) exposed
to 10 L Mo(CO)g at 100K and subsequently annealed at (c) 200K, (d) 300K, (e) 400K,
(f) 500K, (g) 600K, and (h) 700K.
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vibrational feature, arising from the adsorption of CO from the back-
ground, was observed at ca. 2065cm~! on the clean Mo/Pt(110)
alloy surface. After an exposure of 10L Mo(CO)g, an intense sig-
nal emerges at 2075cm~! in the HREELS, accompanied with two
intense vibrations at 395 and 625 cm~!. Again, these peaks could
be assigned to the C-O stretching (vg), Mo-CO stretching (vg)
and Mo-CO bend (v;) modes of adsorbed Mo(CO)g, respectively.
As compared to those on the clean Pt(110) surface, the C-O
and Mo-CO stretching vibrations of Mo(CO)g on Mo/Pt(1 1 0) shift
downward by a relatively large magnitude. These vibrational fre-
quency downshifts clearly indicate that the reactivity of Pt(110)
toward Mo(CO)g is greatly modified by the deposited metallic
molybdenum. Ho and coworkers reported that partial decom-
position of adsorbed Mo(CO)g led to the downward shift of its
vibrational frequencies [28,30]. The C-O stretching feature moved
from 2000 to 1984 cm~! when molecularly adsorbed Mo(CO)g on
Ag(111) and the basal plane of graphite underwent photodisso-
ciation [28]. Therefore, the observed large vibrational frequency
downshifts on Mo/Pt(110) might be due to the partially dis-
sociative adsorption of Mo(CO)g, resulting in the formation of
molybdenum subcarbonyls, i.e., Mo(CO)g adsorbs both molecu-
larly and dissociatively on Mo/Pt(110) at 100K. Unfortunately,
we do not observe simultaneous emergence of two vibrational
features with different frequencies for both molecularly and dis-
sociatively adsorbed molybdenum carbonyls in HREELS data, due
to the low resolution (~100cm~1). These three vibrational features
do not shift when the surface was annealed at 200K; however,
with further increasing annealing temperature to 300K, the C-O
stretching mode shifts upward to 2120cm~! and the doublet for
the Mo-CO vibrations disappears. Instead, a weak peak emerges
at approximately 435 cm~!. This illustrates that adsorbed Mo(CO)g
and molybdenum subcarbonyls have fulfilled desorption and/or
thermal decomposition upon annealing at 300K. Similar to the
case on clean Pt(110), the vibrational peaks at 435 and 2120 cm™!
are both associated with CO adsorbed on the Mo/Pt(110) surface.
This also indicates that one kind of CO is bonded to the top sites
on the Mo/Pt(1 1 0) model surface. The M-CO stretching frequency
on the Pt(110) is higher than that on the Mo/Pt(110) surface, in
good agreement with the results of CO chemisorption on Pt(110)
and Mo/Pt(110) at room temperature [13]. With further increas-
ing sample temperature, the vibrational feature of CO adsorbed on
Mo/Pt(110) decreases its intensity, and eventually disappears.

It has been demonstrated that oxidation of deposited metallic
molybdenum on Au(11 1) could form the surface MoOx nanoclus-
ters [43-48]. We oxidized the Mo/Pt(110) surface at 1000K in
5.0 x 106 mbar of O, for 30 min and acquired a MoOx/Pt(110)
model surface, as evidenced by the appearance of the phonon
losses in HREELS [13]. The resulting MoOy spreads over the model
surface, because of monolayer dispersion property of molybde-
num oxide upon annealing. The surface coverage of the MoOy on
MoOy/Pt(110) is a little larger than that of the molybdenum on
Mo/Pt(110)at the same deposit amount. However, it does not com-
pletely cover the platinum substrate. When CO was dosed onto the
MoOy/Pt(110) model surface at room temperature, a desorption
feature of CO with a considerable intensity appears in the TDS,
which can be attributed to CO desorption from the platinum sub-
strate [13]. Fig. 4 displays a series of thermal desorption spectra for
28 amu when Mo(CO)g was dosed to the MoOy/Pt(1 1 0) model sur-
face at 100 K. A desorption feature develops at ~250 K with a long
tail when the Mo(CO)g exposure is low. With increasing Mo(CO)g
exposure, this peak increases its intensity and slightly shifts toward
lower temperature. We assigned this peak mainly to the molecu-
lar desorption of Mo(CO)g monolayer adsorbed on MoOy/Pt(110).
The desorption spectra of Mo(CO)g adsorbed on MoOy/Pt(110)
at low exposures are completely different from those on Pt(110)
and Mo/Pt(110), indicating a significant modification effect of the
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Fig. 4. Thermal desorption spectra from the MoO,/Pt(110) model surface with
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MoOy on Pt(110). With further increasing Mo(CO)g exposure, the
250K peak continues to increase its intensity and gradually shifts
toward higher temperature. Here this feature at large Mo(CO)g
exposures is mainly contributed from the desorption of adsorbed
Mo(CO)g multilayer. On the MoOx/Pt(1 1 0) model surface, the des-
orption temperature for Mo(CO)g multilayer is so close to that for
Mo(CO)g monolayer. It demonstrates that weak interactions occur
between adsorbed Mo(CO)g and MoOyx/Pt(110) at small Mo(CO)g
doses. This indicates that the MoOy physically blocks the adsorp-
tion sites on Pt(110), consequently inducing the MoOx/Pt(110)
inert toward Mo(CO)g decomposition. This further confirms the
modification effect of the MoOy on Pt(110). Similar to the case
of Mo/Pt(110), two new desorption peaks were also observed at
approximately 180 and 540 K.

Fig. 5 presents a series of HREEL spectra of Mo(CO)g with an
exposure of 10L adsorbed on the MoOx/Pt(110) surface at 100K
and subsequently annealed to the indicated temperatures. The
clean MoOy/Pt(110) surface exhibits two strong vibrational fea-
tures at 620 and 930 cm~!, and a relatively weak and broad signal
centered at about 1730 cm™!, corresponding to the phonon losses
of the MoOy [13]. After an exposure of 10 L Mo(CO)g, an intense sig-
nal emerges at 2120cm~"! in the HREELS, accompanied with two
intense vibrations at 405 and 635 cm~!. These peaks correspond to
the C-0 stretching (vg), Mo-CO stretching (vg) and Mo-CO bend
(v7) modes of adsorbed Mo(CO)g, respectively. The C-O stretch-
ing mode of adsorbed Mo(CO)s is located at 2120cm~! on the
MoOy/Pt(110) model surface upon 10L exposure, close to that at
2130cm! on clean Pt(1 1 0) upon 1.0 L exposure. The slight down-
ward frequency shift of the C-0 stretching mode is probably caused
by different Mo(CO)g exposures. This clearly suggests that similar
surface chemistries of Mo(CO)g occur on MoOy/Pt(110) and clean
Pt(110), molecular adsorption at 100K. These three vibrations all
remain almost the same in frequency with slightly increasing sam-
ple temperature. When the sample was heated up to 250K, the C-O
stretching mode shifts upward to 2161 cm~! and the doublet for the
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Mo-CO vibrations disappears, and the strong phonon losses due to
the MoOy re-appear. This illustrates that adsorbed Mo(CO)g has ful-
filled desorption and/or thermal decomposition upon annealing at
250K. This C-0 vibration at 2161 cm~! is attributed to CO adsorbed
on MoOy/Pt(110). The observed C-0 stretching frequency is higher
than that of the gas phase value of 2143 cm~!. This blue shift is typ-
ical for CO adsorbed on MoOy oxide surfaces and is mainly due
to the electrostatic Stark effect. The vibrational Stark effect can be
described as a perturbation of the energy of vibrational transitions
due to the presence of an electrostatic field; it largely originates
from additional anharmonicity that is created within molecular
bonds by the presence of the electrostatic field, in which the bond
is both mechanically and electronically distorted from equilibrium
[49-51]. Since an adsorbed molecule is oriented with respect to
the electrostatic field, if it has a static dipole moment then it has a
first-order vibrational Stark effect [52]: the induced frequency shift
is proportional to the strength of the electrostatic field. The bond-
ing of CO on the MoOy is largely determined by the electrostatic
field strength produced by molybdenum cations in MoOy, conse-
quently affecting carbonyl stretching frequencies of CO coordinated
on MoOy. The vibrational Stark effect has recently been employed by
Boxer’s group to measure the effect of an external electrostatic field
on the vibrational spectrum of a molecule via the use of infrared
probes [51,53-55]. This technique gives quantitative information
on the sensitivity of a vibrational peak position to an electric field.
The annealing experiments show that adsorbed CO desorbs from
the surface below 500 K. However, it could be seen that the phonon
loss peaks of the MoOy after the entire desorption of adsorbed
CO from MoOy/Pt(110) is much weaker than those prior to the
Mo(CO)g exposure. This clearly demonstrates that some molecu-
larly adsorbed Mo(CO)g decomposes during the course of heating,
forming deposits remaining on the surface. These deposits might
be the adsorption sites for the new desorption peaks observed at
approximately 180 and 540 K in the TDS upon large Mo(CO)g expo-
sures.

Above results demonstrate that Mo(CO)s molecularly
chemisorbs on the clean Pt(110) and MoOy/Pt(110) surfaces
at cryogenic temperature, however, undergoes partial dissociation
on the Mo/Pt(110) surface. Upon heating, these species undergo
both molecular desorption and thermal decomposition, forming
adsorbed CO and molybdenum clusters on the surface. Inferred
from the C-O stretching frequency of adsorbed CO, we can draw
the conclusion that the Mo/Pt(1 1 0) surface more strongly donates
electrons to adsorbed CO than the Pt(110) and MoOx/Pt(110)
surfaces. Previous results reported that Mo(CO)s molecularly
chemisorbed on the clean Cu(11 1) and Si(111)-7 x 7 surfaces but
dissociatively chemisorbed after these two surfaces were modified
by K [30,32]. This indicates that an electron rich surface facilitates
the decomposition of Mo(CO)s. The Mo/Pt(110) surface more
strongly donates electrons than the Pt(110) and MoOx/Pt(110)
surfaces, thus exhibits a higher reactivity toward Mo(CO)g than the
Pt(110) and MoOy/Pt(1 1 0) surfaces. On the basis of these results,
we propose that the interaction of CO ligands in Mo(CO)g with the
substrate determines the adsorption behavior of Mo(CO)g. The dis-
sociation process can be viewed as a competition between central
molybdenum atoms and substrate atoms in CO binding. Similar
viewpoint in the thermal dissociation process was proposed by
Ying and Ho [30], in an attempt to explain the observation of
nondissociative adsorption of Mo(CO)s on Cu(111) at 85K and
subsequent dissociation at higher temperatures. The stronger
the interaction is, the easier Mo(CO)g dissociatively chemisorbs.
CO interacts with Mo/Pt(110) more strongly than with Pt(110)
and MoOy/Pt(110), therefore some Mo(CO)g occurs dissociative
adsorption on Mo/Pt(110). This competition process could be a
thermodynamic effect, not a kinetic effect.

Molecular desorption and thermal dissociation are competi-
tive for adsorbed Mo(CO)g on the surfaces during the course of
heating, which primarily depends on Mo(CO)g coverage, heating
rate, and the chemical property of the substrates. The branch-
ing ratio between desorption and dissociation was observed to
depend on the initial coverage of Mo(CO)g, and the dissociation
channel competed favorably with the molecular desorption channel
at low Mo(CO)g exposures [30]. It was reported that slow heating
would leave a significant amount of molybdenum on the substrate
whereas rapid heating (5-10 K/s) could reduce this amount to about
only one-tenth [11,42]. In an attempt to illustrate the modifica-
tion effect of the deposited metallic molybdenum and MoOy on the
reactivity toward Mo(CO)g, the desorption features with three rep-
resentative Mo(CO)g exposures (0.2, 1.0 and 10L) on clean Pt(1 1 0),
Mo/Pt(110)and MoOy/Pt(1 1 0) were chosen for comparison. When
0.2 L Mo(CO)g was dosed onto Pt(110), a major feature appears at
approximately 512 Kin the TDS, with a shoulder peak atabout 260 K.
The former is ascribed to thermal decomposition of the adsor-
bates, and the latter to molecular desorption of Mo(CO)g. The same
exposure on Mo/Pt(110) only gives rise to one desorption feature
at 397K, corresponding to thermal decomposition of the adsor-
bates upon heating. No molecular desorption of adsorbed Mo(CO)g
is observed, demonstrating a complete thermal dissociation of
0.2 L Mo(CO)g on Mo/Pt(110) upon heating. This again evidences
a much higher reactivity of Mo/Pt(110) toward Mo(CO)g than
Pt(110)because Mo/Pt(1 1 0) more strongly donates electrons than
Pt(110). When 0.2 L Mo(CO)g was exposed to MoOy/Pt(110), only
one desorption feature centered at 260 K emerges in the TDS profile,
corresponding to molecular desorption of adsorbed Mo(CO)g, indi-
cating a weaker interaction of Mo(CO)g with MoOx/Pt(110) than
with Pt(110). The integrated intensities of the TDS peaks for 28
amu on Mo/Pt(110)and MoOy/Pt(1 1 0) are much smaller than that
on Pt(110), which could be attributed to a physically site-blocking
effect of the deposits on the platinum substrate. This implies that
adsorption sites on Mo/Pt(110) and MoOx/Pt(1 1 0) are still mainly
Pt.
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When 1.0 L Mo(CO)g was dosed onto these three surfaces, both
molecular desorption and thermal decomposition of adsorbed
Mo(CO)g occur upon heating, but the branching ratios of molec-
ular desorption to thermal decomposition are different: lowest
on Mo/Pt(110) and highest on MoOx/Pt(110). These experi-
mental results further validate that Mo/Pt(110) surface is most
active and MoOy/Pt(110) most inert in thermally decomposing
chemisorbed Mo(CO)g. The integrated desorption peak intensities
on Mo/Pt(110) and MoOy/Pt(110) are still much smaller than
that on the clean Pt(1 1 0) surface. When 10 L Mo(CO)g was dosed,
molecular desorption of adsorbed Mo(CO)g dominates the TDS pro-
files, clearly indicating the formation of thick physically adsorbed
layers on the substrates. The desorption intensities are of the similar
magnitude.

4. Conclusions

In summary, Mo(CO)g adsorption was comparatively inves-
tigated on Pt(110), Mo/Pt(110) and MoOy/Pt(110) surfaces.
Mo(CO)g adsorbs molecularly on clean Pt(1 1 0) and MoOy/Pt(110),
and partially dissociatively on Mo/Pt(110) at 100K. During the
course of heating, chemisorbed Mo(CO)s undergoes molecular
desorption and thermal dissociation. The Mo/Pt(110) surface
more strongly donates electrons to adsorbates than the Pt(110)
and MoOy/Pt(110) surfaces, and thus exhibits a higher reactivity
toward Mo(CO)g. We propose that the interaction of CO ligands in
Mo(CO)g with the metal surface determines the adsorption behav-
ior of Mo(CO)g. Our work enriches the surface chemistry of Mo(CO)g
on metallic substrates.
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