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The sticking coefficient, S, of CO on clean and K-, 0- and H-modified Pt(ll1) surfaces has been measured directly using a
simple kinetic uptake method, as a function of CO and modifier coverage and surface temperature. A simple method is also
introduced to determine the ~erage-dependent
desorption energy from these measurement
without the need to know the
pre-exponential factor or desorption order for those systems where S is only a function of coverage or only weakly dependent on
temperature. The initiai sticking coefficient of CO on clean Pt(lll) is 0.9 and is independent of substrate temperature. The major
influence of adsorbed K on the initial sticking coefficient of CO on Pt(ll1) at 320 K is site blocking, and the magnitude of this
effect correlates well with the size of the adsorbed K ion or atom. The shape of S as a function of CO coverage for low K coverages
in the ionic regime is similar to that of CO on clean Pt(ll1). A dramatic change occurs for K coverages near or greater than 0.24
ML, where S passes through a maximum at about f of the saturation CO coverage and coincident CO and K desorption is
observed. This behavior of S, which has not been seen before, can be fit quite adequately by a simple model that incorporates the
reduced site blocking effects of K due to the CO-induced transition of K from a metallic neutral to an ionic state and the
accompanying size change of K atoms. These results are best described by a coverage-dependent
alkali-CO interaction. In
additional studies, we find that adsorption of 0.25 ML 0 on Pttlll) has no effect on S for low CO coverages at 100 K, and only the
saturation CO coverage is reduced from 0.59 to 0.31 ML. In contrast, adsorbed H reduces not only the CO saturation coverage but
also S even at low CO coverages.

1. Introduction
Alkali metals are frequently used as promoters
to increase the activity of ammonia synthesis, CO
hydrogenation, and other heterogeneous catalytic
reactions El]. For a better ~derstanding
of these
promoter effects, there has been great interest in
fundamental studies on the coadsorption of alkali
metal atoms with gas molecules on metal surfaces. CO and K in particular have served as a
model system and have been investigated on many
transition metals by almost all surface-sensitive
techniques. Among some common features, there
are a dramatic increase in the binding energy of

CO and K, as demonstrated by the large shift in
desorption temperature, and a significant weakening of the CO bond as evidenced by the marked
decrease in CO stretching frequency. In spite of
these extensive studies, no unified description of
~kali-metal-influen~d
CO adsorption has been
obtained. There has been continued debate about
the role of the substrate and whether the alkaliCO interaction is short or long range, direct or
indirect (through-metal), and coverage dependent
or independent. Although many interesting effects have been found concerning the static, COadsorbed surface layers and their desorption, relatively few studies have dealt with the adsorption
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process itself, and considerably less is known
about the sticking behavior of CO on K-covered
transition metal surfaces. This information is
needed for understanding the reactive properties
of these materials and might provide insight into
the nature of the alkali-CO interaction on transition metals from the perspective of adsorption
kinetics. The present work is devoted to this
aspect by measuring the sticking coefficient S, of
CO on clean and K-modified Pt(ll1) surfaces.
There are basically two methods to measure S.
One is to measure the coverage as a function of
exposure and obtain S by differentiation of the
resulting curve. The coverage is usually determined by XPS, LEED, TPD, or work-function
measurements, and the systematic error can be
large although good precision can be obtained.
The exposure is measured, in many cases, by the
ion gauge and elapsed time, and again a large
systematic error is quite often present due to
improper calibration, pressure gradients in the
chamber, etc. Even with molecular beams, it can
be difficult to control the exposure precisely in
small enough increments if S is high. Therefore
this indirect method often contains great uncertainties but is the only method for systems where
S is much less than lo-‘. The other method is
based on beam reflection and the sample acts as
a getter for the incident supersonic or effusive
beam f23. The absoIute sticking coefficient is obtained directly by measuring the pressure drop
due to the sample uptake relative to the saturated surface, This direct technique has better
sensitivity and accuracy, but it is usually not suitable to measure extremely low values of S, which
is not the case for CO on Pt(ll1). To our knowledge, the only reported measurements of the
sticking coefficient of CO on K/Pt(lll)
were
made by Kiskinova et al. using the indirect method
in an XPS study of this system [31. They claimed
that the initial CO sticking coefficient is 1.0 and
independent of K coverage up to about 0.19 ML,
followed by a drop to 0.25 at higher K coverages.
In this paper, we present a more detailed
measurement of S as a function of CO coverage,
13,using the direct method for CO on clean Pt(ll1)
at various temperatures, and for CO on K-covered
Pt(ll1) surfaces at various K coverages, @k_We

find that the initial CO sticking coefficient gradually decreases with @k up to about 8, = 0.2 ML
followed by a sharp drop to < 10-l at higher
coverages. A dramatic increase and then decrease
in the CO sticking coefficient with increasing CO
coverage is observed for the first time for OKr
0.24 ML. This effect is explained by a simple
model based on the size reduction of K adatoms
due to CO-induced, neutral-to-ionic transition of
K at these coverages. Some results for CO adsorption on 0- and H-covered Pt(ll1) surfaces
are also presented and compared to the K results.

2. Experimental
The experiments are performed in a UHV
chamber with a base pressure of 4 X lo-‘i Torr.
AES measurements are made using a PerkinElmer lo-360 hemispherical analyzer and an external electron gun. The analyzer works in a
pulse counting mode and requires a low electron
beam current ( < 0.1 PA) and thus beam damage
effects can be neglected. The Pt(ll1) crystal can
be cooIed to 95 K using liquid nitrogen or resistively heated to 1200 K. The temperature is monitored with a chromel-alumel
thermocouple
spot-welded to the side of the crystal. The heating rate for TPD is approximately 10 K/s unless
otherwise specified. The Pt(ll1) surface is cleaned
by argon ion sputtering and annealing, followed
by heating to 1050 K in 2 X lop8 Torr of 0, until
no impurities can be detected by AES. Potassium
is evaporated from a commercial SAES getter
source that is resistively heated to - 1000 K.
Prior to use, the getter is thoroughly outgassed to
ensure K deposition in the lo- * ’ Torr pressure
range. The surface cleanliness and the coverage
of K are determined by AES and TPD. For the
purpose of coverage calibration, a series of K
TPD and Auger spectra are taken for various
coverages of K on Pt(lll), and they closely resemble those obtained by Windham et al. for the
same system 141.The break-point in the plot (not
shown) of peak-to-peak heights of the Kc252 eV)
and Pt(64 eV) Auger transitions versus potassium
TPD area defines the monolayer coverage, which
corresponds to 4 of the Pt(ll1) surface density
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(0.33 ML). The CO coverages are calibrated using the known saturation coverage of 0.5 ML for
CO on clean Pt(ll1) at 300 K [5]. Both the
potassium and CO coverages are defined relative
to the Pt(ll1) surface density of 1 ML = 1.5 X 101’
molecules/cm2.
The chamber is equipped with a collimated
multicapillary array beam doser and a UTI-100C
quadruple mass spectrometer
with its ionizer
capped with an aperture for line-of-sight TPD.
The QMS is shielded and far away from the
doser so that it detects only the random flux of
molecules effusing into the chamber from the
doser. A 2 pm diameter, conductance-limiting
orifice mounted in the doser assembly separates
the UHV system from the doser backing pressure
of _ 1 Torr, which is measured by a O-10 Torr
Baratron pressure gauge. A 280 cm3 ballast in the
backing line stabilizes the pressure while dosing
and thereby ensures a constant beam flux. The
1.04 cm diameter glass microcapillary array, composed of closely spaced 25 pm inner diameter
cylinders of 1 mm length, is mounted in a stainless steel cap with a 0.5 cm diameter aperture.
This smaller source diameter, compared to the
Pt(ll1) crystal diameter of 1 cm, and the short
distance of approximately 0.3 cm between the
doser and the crystal ensure a large fraction of
the beam (- 87%) impinging on the crystal and
thus a large dynamic range and high precision for
the measurements of S.
S is measured directly using a simple kinetic
uptake technique, which is illustrated in fig. 1 for
CO adsorption on Pt(ll1) at 315 K with 0x = 0.24
ML. Initially the background CO partial pressure
PC0 is recorded with the mass spectrometer. At
t = 60 s, the CO beam is turned on, causing a rise
in PC,. At t = 120 s, the crystal is rotated quickly
in front of the doser and PC0 drops immediately
as CO is initially adsorbed on this K/Pt(lll)
surface. PC0 continues to drop as S increases
with CO coverage up to t = 250 s and then PC0
rises as S decreases. At t = 910 s, PC0 rises to a
value slightly higher than the CO partial pressure
after the beam is first turned on. The CO uptake
is then considered complete, the beam is shut off,
and PC0 drops to a value slightly higher than the
initial background CO pressure. At a CO cover-

CO adsorption on
0.24 ML K/Pt(l 11)
T= 315 K
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Fig. 1. Direct sticking coefficient measurement for CO adsorption on K/Pt(lll)
at 315 K with fIK = 0.24.

age of 13,which is proportional to the area of the
trapezoid enclosing 8 indicated in fig. 1, S is
given by

A,

s=
F(A*

+42)

’

(1)

where F is the fraction of the beam that impinges
onto the crystal. F can either be calculated or
determined experimentally [6]. The calculated
value of F for our sample-doser geometry agrees
well with the experimental value of 0.87 determined by comparing our data for CO adsorption
on clean Pt(ll1) at room temperature
to the
known sticking coefficient of this system [5]. Using this value of F, a sticking coefficient of unity
that is independent of coverage has been found
for the adsorption of benzene, toluene, cyclohexane, or methylcyclohexane on Pt(ll1) at 95 K.
This further reinforces our calibration and CO
results.
The dashed line above the pressure-time curve
is constructed to approximate the behavior expected if S = 0 or the sample is out of the beam.
We have done uptake experiments for saturated
surfaces and have found that the dashed line is
followed. In general, however, the dashed curve
for the non-saturated surface might actually follow the change or structure in the sample uptake
curve because a lower gas pressure exists in the
chamber and therefore a smaller rise in the background pressure will occur if the sample uptake is
large. In order to evaluate the magnitude of this
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effect, we have done control experiments by rotating the sample in and out of the beam during
the uptake experiments and have found that the
pressure always returns to the dashed line when
the sample is out of the beam. Therefore, the
change in the behavior of the background curve
with sample uptake is proved to be negligibly
small and our const~ction of the smooth dashed
line is justified.

3. Results

Our TPD studies indicate CO desorbs from
Pt(ll1) at temperatures between 320 and 450 K,
in qualitative agreement with previous studies of
this system 171.The fact that we observe no measurable CO desorption beyond 450 K means that
the defect concentration of our Pt(ll1) crystal is
very small. The sticking coefficient as a function
of coverage, S(0), of CO on clean Pt(ll1) is
shown in fig. 2 for various substrate temperatures. The small rise in S at low coverages (0 <
0.05) is believed to be due to the desorption of a

CO

small amount of CO from the back of the sample
block, which is initially in the CO beam before
the sample is rotated in. The outgassing when the
sample is quickly rotated in front of the doser,
may also have some contribution. This small
problem is apparent only when the sample block
is cooled by Iiquid nitrogen. We have done separate runs for clean PtClll) at T = 300-350 K
without liquid nitrogen cooling, and little or no
initial rise is seen and S is constant at low coverages (0 < 0.05). To further verify that this initial
rise in S is not real, we have done some measurements differently. Instead of rotating the sample
into the beam, we put the clean Pt(ll1) sample in
front of the doser and then turn on the CO beam.
No initial rise in S is seen this way even with
liquid nitrogen cooling of the sample block, and
thus the initial rise in fig. 2 is thought to be an
artifact. Similar small transient behavior is seen
in a study of C,H, adsorption on Si1100> and is
attributed to the desorption of C,H, from the
shutter when the shutter is first removed from
the C,H, beam [2bl.
The fact that in fig. 2, S stays constant to
within experimentat error at S = 0.9 for 8 G 0.15
and for substrate temperatures below those re-

Coverage (ML)

Fig. 2. Sticking coefficient and effective sticking coefficient of CO on clean Pt(ll1) at several temperatures: (a) 100 K, (b) 150 K,
(c) 200 K, (d) 250 K, (e) 300 K, (f) 325 K, (g) 3.50 K, (h) 400 K, (i) 425 K, cj) 450 K and (k) 500 K.
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quired for appreciable desorption, suggests a precursor-mediated CO adsorption mechanism. We
use the Kisliuk model [8] for the sticking coefficient:
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where LYis the trapping probability into the precursor state, pa and pd are the chemisorption and
desorption probabilities of a precursor above an
unoccupied site, pi the desorption probability of
a precursor above an occupied site, E, and Ed
the barriers for chemisorption and desorption, V~
and V, the corresponding pre-exponential factors
respectively (see also scheme I>. A constant value
of S,, independent of the wide range of substrate
temperatures in fig. 2, indicates that the adsorption via the precursor is not activated and Ed = E,
in this model. An alternative explanation is pa z+
pd and the trapping probability limits S, to a
value slightly less than unity. A value of S, that is
independent of substrate temperature has been
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Fig. 3. Saturation and equilibrium coverages of CO on clean
Pt(ll1) as a function of substrate temperature. The inset
shows a TPD spectrum of CO adsorbed at saturation coverage
on Pt(ll1) at 310 K.

observed for CO on many substrates, such as
Pd(ll1) [91 and Ru(OO1) [lo], and thus seems to
be generally valid for CO adsorption on late
transition metals. The plateau region of S(0) in
fig. 2, where S = S,, reduces from 0 = 0.2 to
8 = 0.15 as the adsorption temperature increases
from 100 to 350 K, indicating the effect of the
precursor state on the CO adsorption kinetics
gradually decreases with increasing substrate
temperature.
The intercepts of the curves in fig. 2 at S = 0
yield the saturation coverages for temperatures
below desorption and the equilibrium coverages
for those temperatures where appreciable desorption occurs. These CO coverages are plotted
in fig. 3 as a function of the substrate temperature. A CO TPD spectrum from clean Pt(ll1)
with a heating rate of 2.8 K/s is shown in the
inset of fig. 3 to serve as a guide to the desorption
rate versus temperature. For substrate temperatures high enough that desorption becomes significant, eq. (1) gives the effective sticking coefficient S,, which is related to the desorption rate
by

exux exp[ -E(e)/kT]

Scheme I.

I

= I,[ S - S,(T)],

(3)

where Z, is the flux that impinges on the sample
and S is the true sticking coefficient. We can
write eq. (3) for two desorption temperatures at
the same coverage and assume that the pre-ex-
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ponential factor V~is constant at the two temperatures, then the ratio of the two equations gives

This allows an estimate of the coverage-dependent desorption energy by measuring S(0) at
various temperatures without the need to know
the desorption order, pre-exponential factor, or
the absolute beam intensity. As an illustration of
this method, we have applied eq. (4) to the data
of T = 400 and 425 K at 0 = 0.1 in fig. 2, using
the data for temperatures below desorption for S.
A desorption energy of 27 kcal/mol is obtained,
which agrees well with the value determined using TPD [7]. The above analysis assumes that the
true sticking coefficient is independent of T and
is only a function of 8. This assumption for this
particular adsorption system is supported by the
temperature independent value of S, as well as
the very weak temperature dependence of S(e)
for temperatures below desorption. Further support comes from the modulated beam study of a
similar system CO/Pd(lll)
by Engel [9], who
shows that the true sticking coefficient as a function of coverage is independent of T over the

entire temperature range (320 to 700 K). The
application of this method to other adsorption
systems would require similar confirmation of the
assumption that S is independent of temperature.
3.2. CO adsorption on K/Pt(lll)
Fig. 4 shows the S(0) curves for CO adsorption
on Pt(l11) at 320 K precovered by various
amounts of potassium. For increasing 0k up to
0, = 0.22, S(0) gradually decreases but maintains
the same overall shape as that for CO adsorption
on the clean Pt(ll1) surface. In this OK range,
CO desorption starts at a lower temperature than
potassium desorption.
However,
a dramatic
change occurs for 8, > 0.22 where S increases
monotonically to more than double the initial
sticking coefficient at about i of the saturation
CO coverage. This is followed by a sharp reversal
of the slope as S approaches zero with increasing
CO coverages. This qualitative change in the behavior of S(0) at these high 8, conditions is
accompanied by the observation of coincident
thermal desorption of CO and K peaked at 613 K
as shown in fig. 5. No CO adsorption [S(e) = 01 is
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CO and K desorption in TPD after CO
adsorption to saturation coverage on 0.25 ML K/Pt(lll).
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Crowell et al. is about 10 L, which is of the same
order as ours, but much less than that used by
Kiskinova et al. Therefore the discrepancy in the
trend of saturation CO coverage with increasing
8, might be because we did not achieve true
saturation. However, we cannot confirm this because increasing the CO exposure beyond what
we have used wili not result in a measurable
increase in CO coverage due to the limited sensitivity of measuring extremely low sticking coefficients with the technique used in the present
work.
3.3. CO adsorption
precovered Pt(lll)

t

Fig. 6. The initial CO sticking coefficient as a function of
potassium coverage on Pt(ll1) at 320 K.

I

0.10

Fig. 7. Saturation CO coverage as a function of potassium
coverage on Pt(ll1) at 320 K.

seen for potassium coverages at or beyond monolayer saturation (@,2 0.33 ML).
The initial sticking coefficient and the saturation CO coverage are plotted as a function of eK
in figs. 6 and 7, respectively. The initial sticking
coefficient decreases slowly with increasing 8, up
to 8, = 0.2, followed by a sharp drop to 0.15 at
OR = 0.24. The saturation CO coverage follows a
similar trend with OK, i.e., it decreases slowly
with increasing 8, for 6, < 0.2 and decreases
faster for higher 8,, but the influence of potassium observed at high 8, is less drastic than the
drop in the initial sticking probability plot. The
saturation CO coverage as a function of potassium coverage is in general agreement with Crowell et al. [ll], but disagrees with Kiskinova et al.
[3] who show an increasing saturation CO coverage with 8,. The saturation exposure used by

_

1

0.05

on oxygen- and hydrogen-

Fig. 8 shows the CO sticking coefficient as a
function of CO coverage for CO adsorption on
Pt(ll1) at 100 K for the clean surface, Pt(ll1)
precovered by 0.25 ML oxygen, and Pt(ll1) precovered by various amounts of hydrogen. The
oxygen-precovered surface was prepared by adsorbing a monolayer of 0, on Pt(lll) at 90 K,
followed by heating to 300 K to desorb 0, and
dissociate 0, to form fIo = 0.25 as 0 adatoms
[12], and then cooling the sample to 100 K. The
preadsorbed 0 has little or no influence on the
adsorption probability of CO for low CO coverages, indicating that oxygen cannot simply be
considered as an electronegative additive acting
as a poison with respect to CO adsorption. The
S(0) curve starts to deviate from that for CO on
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clean Pt(ll1) only for oco 2 0.1, and a smaher
saturation CO coverage of 0.31 is obtained. These
results agree well with previous TPD studies of
this system [13].
In contrast to the O/Pt(lll)
surface, fig. 8
shows that hydrogen precoverage reduces the CO
sticking coefficient even at low CO coverages.
The H/Pt(lll)
surfaces with f?n = 0.4, 0.7 and
0.8 ML are prepared by dosing 4.5, 50 and 190 L
of hydrogen on Pt(ll1) at 100 K, respectively, and
8, is obtained using a recent coverage versus
exposure calibration for hydrogen on Pt(ll1) [ 141.
The CO and H, TPD after CO adsorption onto
the H/Pt(lll)
surface with 8, = 0.7 are shown in
fig. 9. The peak temperature of the H, desorption is shifted about 50 K to lower temperature
compared to that for H, adsorbed on clean
Pt(ll1) [14]. This shift is indicative of a repulsive
interaction between coadsorbed CO and H. This
repulsive interaction causes the segregation of
coadsorbed CO and H to form CO and H islands
[15]. The CO desorption temperature is shifted
about 50 K to higher temperature
instead of
toward lower temperature
as expected from a
repulsive interaction with hydrogen. This is simply because by the time CO starts to desorb, H
has already desorbed, and the shift to higher
temperature is due to the lower CO saturation
coverage on H/Pt(lll)
compared
to clean
Pt(lll), as evident in fig. 8. The shapes and peak
temperatures of both CO and H, TPD as well as
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Fig. 9. CO and H, TPD after saturation CO adsorption on 0.7
ML H/Pt(ll If at 100 K.

the saturation CO coverage on the H/Pt(lll)
surface with @n = 0.7 resemble closely that found
by Peebles et aI. [El for a saturation coverage of
CO on a saturation coverage of preadsorbed H
on Pt(ll1). However, fig. 8 shows clearly that the
H/Pt(lll)
surface with our saturation coverage
of 6,, = 0.8 further reduces CO adsorption.
The segregation of coadsorbed CO and H is
consistent with the coverage-dependent
sticking
coefficient in fig. 8 if one assumes that no adsorption of CO can occur on the dense H islands on
the surface. Based on the data in fig. 8, we find
that B,,(H), the saturation CO coverage on the
H/Pt(lll)
surface,
approximately
satisfies
8,(H) = (1 - &JH)BCo(clean), which further supports the conclusion of the segregation of coadsorbed CO and H to form dense CO and H
islands.

4. Discussion

CO Coverage (ML)
Fig. 8. Sticking coefficients of CO as a function of coverage on
Pt(l11) precovered by 0.25 ML oxygen and by various amounts
of hydrogen at 100 K.

The coadsorption of K with CO on Pt(ll1)
increases the binding energy of CO as shown by
the large increase in the CO thermal desorption
temperature.
It is therefore expected that the
presence of K should increase the CO sticking
coefficient and the influence of a CO precursor
on the adsorption kinetics. However, it should be
noted that the shift in desorption temperature is
not totally due to the increase in the desorption
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activation energy Ed_, and hence in the CO
binding energy Eads, but instead results from the
combined effects of increasing Eads and simultaneously decreasing the pre-exponential factor V&sWhiteman and Ho show that the increase in Eads
is small (- 2.5 kcal/mol) and the change in Vdes
causes most of the shift in desorption temperature [16]. As mentioned in the last section, CO
does not adsorb on Pt(ll1) precovered by a
monolayer or more of potassium (0x2 0.33 ML).
Thus, the site-blocking effect of K for the adsorption of CO on Pt(ll1) is inevitable and partially
cancels the effect of increasing Eads with regard
to the CO sticking coefficient S. The slow decrease of S with low 8, indicates that the siteblocking effect dominates in the competition between the electronic effect, i.e., the higher binding energy of CO, and the site-blocking effect of
K. For simplicity, we model the initial CO sticking coefficient for a given low potassium coverage, S,(&), by a pure site blocking expression
S,(e,)

= S,(i - ie,),

eK so.2,

(5)

where S, is the initial sticking coefficient for CO
adsorption on clean Pt(ll1) and i is a fitting
parameter used to determine the number of CO
adsorption sites blocked by a potassium adatom
in the mostly ionic state in this low-@, regime.
The linear decrease in &,(0x) for low 8, (see fig.
6) suggests the use of this model. The best fit is
obtained for i = 1.3, suggesting that a potassium
adatom effectively blocks one or two CO adsorption sites. Since the - 1.38 A radius of the K+
ion is very close to the 1.39 A radius of Pt atom
[17], the major effect of K on the initial sticking
coefficient of CO on Pt(ll1) is site blocking.
The simple site-blocking model for CO adsorption on Pt(ll1) covered by a low coverage of K is
also supported by the CO coverage-dependent
sticking coefficient at a fixed value of 8x, S(e&,
shown in fig. 4. S(e& basically reduces in a
scaled manner with increasing 8, up to OK= 0.22.
If we express S(e& as the sum of adsorption
probabilities of CO on clean and K-covered surfaces, and note the fact that no adsorption occurs
on a K monolayer on Pt(lll),
then S(e)+ =
S(e)0 - ie,), where S(8) is the coverage-depen-
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dent sticking probability for CO onto clean
Pt(ll1). Using the Kisliuk model for S(8), we
have

s,(i- ie,)
s(e),, = l+Ke/(l-8)’

8x5 0.22,

(6)

where 8 is the fractional CO coverage. The S(e&
in fig. 4 for 8x5 0.22 can be approximately described by eq. (6) with K between 0.3 and 0.4.
For 8, > 0.22, a dramatic change occurs in
both &(0x) and S(e)+. The large drop in S,@,)
(see fig. 6) suggests a jump in the site-blocking
effect of K. We attribute this effect to the ionic to
neutral metallic transition of K that occurs at this
coverage and the accompanying substantial increase in the size of the K adatoms. The ordering
of K adatoms also occurs in this coverage range
near room temperature and a J?s x &R30” pattern is observed [18]. The ionic-to-neutral transition of K has been seen in the photoemission
study by Horn et al. [191. We should point out
that the low coverage state of K is mostly but not
completely ionic, because a signal due to the K4s
level is observed even at very low coverage (0 =
0.03) by Woratschek et al. [20] using metastable
He de-excitation spectroscopy (MDS), which is
extremely surface sensitive and has a high cross
section for the excitation of s levels. The transition to a more metallic layer at high coverage is
seen in MDS by a faster than the initially linear
rise in the intensity of the 4s emission. Direct
evidence for the size change of alkali adatoms as
they change from the ionic to metallic state with
increasing coverage has been seen recently by
Lamble et al. who measure the bond length between alkali and substrate atoms using SEXAFS
[21]. The sharp drop in S,(&) correlates with the
sudden increase of the K atom size and suggests
that this transition occurs in a very narrow coverage range and is complete by 0.24 ML. This
behavior is consistent with the photoemission
study of Nielsen et al. [22], who emphasize that
the ionic-to-neutral transition of K is an abrupt
rather than a gradual process. A recent EELS
study [23] confirms the sudden change in electronic structure with K coverage. To estimate the
site-blocking effect of the neutral K adatoms, the
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initial sticking coefficients
0.25 are fit with
&(%)

= %(I - @,l*

at 8, = 0, 0.24, and
(71

The result is indicated by the dashed line in fig. 6
with n = 3.5. Thus a single neutral K adatom
effectively blocks 3 or 4 CO adsorption sites,
more than double that for an ionic K adatom.
This is reasonable because of the much larger
radius of a neutral K atom (2.42 A> [24] compared to that of a K ion (1.38 A>.
A dramatic change is also seen in the CO
coverage dependence of the sticking coefficient
for CO on K/Pt(lIl)
after the ionic to neutral
metallic transition. S increases with CO coverage
to more than double the initial value before it
decreases toward zero. It should be pointed out
that the pronounced maximum observed here is
difficult to pick up using the indirect method
since it is manifested only as a subtle curvature
change in the coverage versus exposure plot
which, as in the case of ref. [3], often has only a
few data points (although, in principle, the rather
sudden drop in S,(@,) can be seen in that previous study of this system). However, the pronounced maximum is clearly seen in the direct
measurement curve in fig. 1. Both the Langmuir
and the original Kisliuk model predict monotonically decreasing S with increasing 0 and therefore cannot be directly applied. This behavior can
be understood by the CO-induced, neutral-toionic transition of K, which creates more sites for
CO adsorption as the CO coverage increases.
Further support for this idea comes from the
work-function measurements for CO adsorption
on K/Pt(lll)
by Kiskinova et ai. [3]. The adsorption of CO increases the work function for low
8,, but decreases the work function before increasing it for higher 13,. This is rationalized as
the neutral K atoms next to CO become more
ionic, which lowers the work function and also
increases the available surface area for CO adsorption because of the smaller size of the Kf
ion. We believe that the K 4s electron is transferred directly to CO instead of through the
Pt(ll1) substrate. This direct rather than indirect
interaction between K and CO is consistent with
the coincident thermal desorption of K and CO

on the adsorption kinetics of CO on Pt(Ill)

observed for K coverages in this range. Additional support for the charge transfer from K to
CO at this coverage range is provided by the
much larger red-shift in the CO stretch frequency
at high OK compared to that at low 8, [25].
The reduced site-blocking effect of K due to
the CO-induced transition of K from a metallic
neutral to an ionic state and the a~ompanying
size change of the K atoms can be assumed to be
proportional to CO coverage. An appropriate expression for the sticking coefficient for 8,2 0.24
can then be obtained by extending eq. (6) to
include this term:

&j[l - ~%41- me11

s _

i +Ke/(i

-e)

(8a>

’

which can be rewritten as

so(@!d
+ b@

S=

1+

rce,,ql - e) ’

(8b)

@x2 0.24,

where b = nmf?,S, and &,(e,) is the initial sticking probability given by eq. (7). We have used eq.
(8b) to calculate S as a function of 8 for @k2 0.24.
&,(e,> is set exactly to the experimental initial
sticking probabili~. A reasonably good fit of eq.
(8b) to the data for 8, = 0.24 and 0.25 has been
obtained, as shown in fig. 10, and the resulting
parameters (b and lir) are listed in table 1. These
successes in modeling the behavior of CO adsorption kinetics on K/Pt(Ill),
along with the observation of CO and K coincident desorption, lead
us to believe that the interactions between coad-
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Eq. (8b)

Eq.(10)
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Fig. 10. The fits by eqs. (Sb) () and (10) (------) to the
data for f?K= 0.24 and 0.25 ML from fig. 4.
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Table 1
Parameters for fitting the data in fig. 10
0 K (ML)
0.24
0.25

Eq. (10)

E?.q.(8b)
b

R

D

c

K

2.2
1.5

3.4
3.0

5
8

7.9
7.8

1.;
2.4

sorbed CO and K are coverage dependent: (i) for
iow K coverages in the ionic regime (where most
of the K 4s electrons are not available for direct
transfer to CO), the CO-K interaction contains
two parts: (1) a long-range, through-metal (Pt)
interaction by the alkali donating electron density
to the substrate, and (2) a direct, short-range
electrostatic interaction between the alkali ion
and surrounding CO molecules; and (ii) for high
K coueruge~ in the metallic neutral regime, the
interaction is dominated by a short-range, direct
chemical interaction through direct charge transfer from K to CO, presumably by the overlap of
the K4s and CO 2~* orbitals. We believe these
points of view are consistent with most experimental evidence and provide a rather comprehensive picture of the situation.
An initially rising S with increasing 0 is also
observed for rare-gas adsorption on Ru(001) and
Ni(ll1) and is rationalized by incident atoms
trapping more efficiently onto adatoms than onto
a clean surface due to a better energy accommodation 1261. Recently an initially rising S with
increasing 0 is observed for C,H, on Pt(ll1)
1271. In that work, a modified Kisliuk model is
proposed by assuming molecular adsorption proceed via two mechanisms: (1) direct Langmuirian
adsorption when a molecule hits an unoccupied
site and adsorbs with a probability of S,, and (2)
adsorption occurs via trapping into an extrinsic
precursor existing above an occupied site with
probabili~ $6. The S(e) derived within this model
is given by
s = S,( 1 - 6) +

kinetics of CO on Pt fill)
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quality as the original Kisliuk model, it does not
fit our data for 0x r: 0.24 ML with meaningful
parameters (both 4 and Si have to be negative
for a reasonable fit). Clearly the adsorption of
CO on K/Pt(lll)
cannot be described by this
model.
Another system where an initially rising S with
increasing 0 has been observed is the molecular
adsorption of N, on W(110) at 90 K [28]. A
modified Kisliuk model that incorporates cooperative effects by ass~ing
that the difference in
activation energy (Ed - E,) increases linearly with
0 gives good agreement with experimental data.
In this model, S, in eq. (2) becomes coverage
dependent through the exponential term and S is
then given by
‘=

(1 +D e-” )[iff+Ke/(i

-e)]

’

(10)

where a is the trapping probability into a precursor state and is assumed to be 0.9. Reasonably
good fits of eq. (10) to our sticking coefficient
curves for B, = 0.24 and 0.25 are obtained as
shown in fig. 10 with fitting parameters also listed
in table 1. Thus at high potassium coverages
(ok> 0.24), the adsorbed CO might lower the
activation barrier (E,) of its nearest-neighbor sites
for CO molecules in the precursor state to
chemisorb. Ahhough it is not as clear in this
mechanism as in our model why a dramatic change
occurs in s(e) at a certain potassium coverage,
this mechanism is still a possibility considering
the rapidly changing electronic structure as a
function of potassium and CO coverages. It may
function as an additional factor together with our
model of reduced site blocking from a CO induced neutral-to-ionic transition of EC.The net
effects of the two models can be equivalent and
so neither one can be ruled out.

5. Summary

SA(1 - l9)@
l-qe

on the ~o~pt~n

’

where 4 = kk/(k,!,, f k:), k& and ki are the rate
constants of migration and desorption of the extrinsic precursor. Although this model fits the
data of CO on clean Pt(lll) with about the same

The effects of coadsorbed K, 0, and H on the
adso~tion-deso~tion
kinetics of CO on Pttlll)
have been studied using TPD and a simple kinetic uptake method for measuring the sticking
coefficient S of CO with the following results:
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(1) The initial sticking coefficient of CO on
clean Pt(ll1) is 0.9 and is independent of substrate temperature. The major influence of K on
the initial sticking coefficient of CO on Pt(l11) is
site blocking and the magnitude of this effect
correlates well with the size of the adsorbed K
ion or atom.
(2) The shape of S(6) for low K coverages in
the ionic regime is similar to that of CO on clean
Pt(ll1). For higher K coverages in the metallic
neutral state, S goes through a maximum before
dropping to zero as the CO coverage increases
and coincident CO and K desorption is observed.
This behavior can be described well by a simple
model that incorporates the reduced site-blocking
effects of K due to CO-induced transition of K
from a metallic neutral to an ionic state and the
accompanying size change of K atoms. Coveragedependent alkali-CO interactions are suggested
and discussed based on this result.
(3) Adsorption of 0.25 ML of 0 on Pt(1 f 1) has
no effect on S at low CO coverages and only the
saturation CO coverage is reduced from 0.59 to
0.31 ML at 100 K. In contrast, adsorbed H reduces not only the CO saturation coverage but
also f even at low CO coverages.
(4) A simple method is introduced to determine the coverage-dependent
desorption energy
without the need to know the pre-exponential
factor or desorption order for those systems where
S is only a function of coverage or only very
weakly dependent on substrate temperature.
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