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The interaction of potassium atoms on top of Cr2O3~0001!/Cr~110! has been studied using work-function
~DF!, temperature programmed desorption~TPD!, and optical second-harmonic generation~SHG! measure-
ments. Potassium grows via the completion of a first layer, followed by a second layer in the form of
two-dimensional~2D! islands, and at higher coverage 3D clusters are formed. This growth model is supported
by and consistent with the results obtained from all three methods. Work-function data suggest that annealing
at temperatures above 350 K results in the formation of a surface potassium oxide compound, provided the
potassium coverage is higher than 0.5 monolayers~ML !. Diffusion of alkali-metal atoms on an oxide surface
is reported here over distances of several micrometers. This was measured using optical SH diffraction from
coverage gratings that were generated by laser-induced thermal desorption. The activation energy for surface
diffusion of potassium on Cr2O3~0001!/Cr~110! has been determined to be 1160.5 kcal/mol with a preexpo-
nential factorD05105 cm2/sec in the coverage range of 1.5–2.5 ML, dropping to 9 kcal/mol andD053
3103 cm2/sec at a coverage of 3.0 ML. These results are consistent with the diffusion of atoms in the third
layer, on top of two-dimensional potassium islands in the second layer, the activation energy represent the
barrier for descending from the 2D islands.
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I. INTRODUCTION

The interaction of metal particles on oxide substrates
been the focus of increasing interest in recent years du
the extremely wide range of applications in which these s
tems play an important role.1,2 In particular, geometric and
electronic structure and the resulting chemistry of small m
tallic particles on oxide surfaces have been studied.1–5 It is
surprising to realize, however, that, despite the importanc
oxides as support materials in catalysis, none of the stu
so far have addressed the effect of ionic substrates, suc
oxides, on the mechanism and rates of macroscopic diffu
as input for understanding sintering phenomena.

In contrast, adsorbate diffusion on well-defined metal s
faces has received growing experimental and theoretica
tention over the last decade.6,7 The introduction of laser de
sorption techniques has significantly increased the variet
atoms and molecules for which surface diffusion can
studied.8–15 Of special interest is the diffusion of alkali me
als, due to their well-known promotion effect in catalys
and the dependence of this promotion effect on alkali-m
dispersion and coverage on the surface of the catalyst.
of the key questions that remains open for many of
alkali-metal–surface systems is the degree of charging
ionicity of the alkali metal and how it changes with cove
age.

Numerous experimental techniques have provided in
mation on alkali-metal surface-diffusion kinetics, fro
which activation energies for diffusion and preexponen
factors have been obtained. In the limit of zero covera
however, rather different numbers were reported, vary
from 17.5@K on W~112!#,16 to 2 kcal/mol@K on Pd~111!, Na
on Cu~100!#.17,18Surface damage due to sputtering,19 surface
PRB 620163-1829/2000/62~11!/7527~8!/$15.00
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cleanliness,20 and surface anisotropy21 have all been shown
to dramatically affect the surface diffusion of alkali meta
Diffusion by movement into the second layer,22 the forma-
tion of islands,23–26and substitution into the lattice27–29have
been postulated as possible reasons for the effect of cove
on diffusion.

Laser-induced thermal desorption~LITD ! has been used
to study the diffusion of potassium on clean Ru~001! as a
function of surface coverage employing the hole-refilli
method.10 The LITD technique has also been employed
create a periodic coverage modulation of K on Re~001! ~Ref.
30~a!# and Ru~001!,30~b! from which diffusion can be mea
sured using second-harmonic~SH! optical diffraction. this
technique has provided valuable information in several ot
cases utilizing either second-harmonic10,14,31–33 or linear
diffraction,12,14,34,35both of which were demonstrated to b
effective in monitoring diffusion on the length scale of m
crometers. Monitoring diffusion using SH diffraction is e
pecially effective for alkali metals due to their strong secon
harmonic generation~SHG!.30

In this study we present the results of our measureme
addressing the effect of an ionic oxide substra
@Cr2O3~0001!/Cr~110!# on the interaction and also on th
surface diffusion of potassium. The interactions
sodium36~a! and potassium36~b!,36~c! with Cr2O3~0001! have
previously been investigated utilizing x-ray photoelectr
spectroscopy~XPS! and laser desorption, while studying th
photochemical response of the adsorbed potassium. Her
have employed TPD, work-function, and optical SH diffra
tion methods to study the adsorption and diffusion of pot
sium on chromium oxide. The formation of two-dimension
~2D! islands in the second layer and 3D clusters at hig
coverages was identified by all three techniques. The ba
7527 ©2000 The American Physical Society
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for diffusion as it changes with coverage has been discus
in terms of the diffusion mechanism within the third layer

II. EXPERIMENT

The details of the experimental apparatus37,38and the laser
setup15,30 were given elsewhere. Briefly, the experimen
system is based on an UHV chamber with a base pres
below 8310211Torr, equipped with a sputter gun, a qua
rupole mass spectrometer~QMS!, and a Kelvin probe. A
p-polarized pulsed Nd:YAG~yttrium aluminum garnet! laser
~Quantel YG585! at a fundamental wavelength of 1.064mm,
having a repetition rate of 10 Hz and pulse duration of
nsec~full width at half maximum!, was used for both potas
sium coverage determination and the diffusion measu
ments. The laser pulse was split into two beams; the h
power beam was used for coverage grating formation
LITD, while the lower-power part was used as a probe be
The probing technique was based on optical seco
harmonic diffraction from the adsorbate grating. In the e
periments reported here, the high-power pulse was split
ratio of 1:1 for heating the surface and causing the neces
interference to form the monolayer grating. The two bea
struck the potassium-covered Cr2O3~0001! surface at inci-
dent angles off569.2° from the normal to the surface
These beams spatially overlapped at the center of the sa
with a spot size of 0.34 cm2. The maximum power density o
the laser used for LITD actually absorbed by the sample
pulse~both beams! was approximately 11 MW/cm2 ~150 mJ/
pulse!. A spatial intensity modulation is formed under the
conditions due to interference between the two beams. A
result, a periodic potassium coverage modulation is crea
in a gratinglike pattern.

The 1.064mm probe laser hit the center of the sample
an incident angle of 45° from the normal to the surface w
a spot size of 0.05 cm2 to ensure that the probe laser fe
within the area of grating formation. The absorbed fund
mental laser intensity was at most 1.0 MW/cm2, which cor-
responds to a maximum transient jump in surface temp
ture of 30 K; ensuring negligible diffusion of potassium d
to and during the pulse of the probe laser.

The preparation and characterization of the Cr2O3~0001!
surface following oxidation of the clean Cr~110! metal sur-
face were described elsewhere in detail.36 Briefly, the clean-
ing procedure involved prolonged sputter-annealing cycle
eliminate any contaminants that can be detected by Au
spectroscopy. The oxidation procedure was then perform
by exposing the clean metal at a temperature of 540 K fo
min to oxygen at an ambient pressure of 231026 mbar, then
at 780 K for another 2 min, followed by annealing to 10
K. Before each measurement, the sample was cleane
flashing to 1000–1050 K under UHV conditions. The 3
nm thick oxide layer formed has the hexagonal~0001! plane
exposed, as revealed and verified by low-energy electron
fraction ~in a different UHV chamber!. Temperature contro
and TPD measurements have been described elsewh30

The chamber was equipped also with a Kelvin probe
work-function measurements, the probe can be operated
DF-TPD mode.39

Potassium was dosed onto the Cr2O3~0001!/Cr~110! sur-
face by passing current~4.5–6.5 A! through a commercia
ed
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potassium source~SAES Getters! located approximately 20
mm from the sample. This was sufficient to produce a mo
layer ~ML ! of potassium on the surface within 2–3 mi
Potassium surface coverages were generated by first ex
ing the oxide to;3 ML of potassium atoms and subseque
annealing of the surface to a given temperature~approached
at 3 K/sec! in the range 900–300 K. In this way, highl
reproducible coverages could be obtained~within 5% of a
monolayer! in the coverage range 0–2.5 ML, as determin
and calibrated by integrated TPD peak-area measuremen40

III. RESULTS AND DISCUSSION

A. TPD of K from Cr 2O3„0001…ÕCr „110…

TPD spectra of potassium from the Cr2O3~0001! surface
reveal three distinct desorption peaks~heating rate of 10
K/sec, Fig. 1!. A low-coverage desorption peak appears n
850 K, shifting to 600 K on completion of the first mono
layer. Unlike the case of alkali-metal desorption from met
lic substrates,40~b! the peak desorption temperature that p
tains to a coverage of 1 ML is relatively high. Th
observation is consistent with the potassium atoms be
partially positively ionized even at the completion of the fir
layer, unlike the complete neutrality believed to be the c
when 1 ML is adsorbed on metallic surfaces.30 The width of
the TPD peak reflects the usual repulsive interactions
tween neighboring K adatoms. The effect of growing rep
sion as coverage increases on the desorption spectra of a
metals has been discussed in great detail in the literat
using various electrostatic models.40 In our case—
K/Cr2O3~0001!—an activation energy for desorption of 5
65 kcal/mol has been obtained in the limit of zero covera
assuming a ‘‘standard’’ preexponential factor of 1013sec21.
This can be compared with the activation energy of 6
kcal/mol recently reported for the K/Re~001! system.40~b!

Above 1 ML, further decrease of the binding energy
potassium is observed as coverage increases. This ca
explained by the same repulsive interactions between ne
boring K adatoms. Since the Cr2O3~0001!/Cr~110! surface is
hexagonal, the density of potassium atoms on completio
the first layer is assumed to be similar to that observed
most metallic hexagonal surfaces~e.g., K/Ru~001!50.33!.
This means a nearest K-neighbor separation for K atom
4.95 Å. K atoms in the second layer are expected to res
at sites slightly above the first-layer atoms, but still clo
enough to the underlying chromium ions of the substrate
have significant binding of these second-layer atoms to
surface. This explains the relatively high desorption tempe
ture of the potassium atoms from this layer. The second p
at 450 K ~binding energy of 2762 kcal/mol! is thus under-
stood to correspond to desorption of potassium from 2D
lands formed on top of the first monolayer. A measura
and reproducible desorption rate of potassium is also
served between 450 and 600 K. This is explained as
result of single adatoms on top of the completed first lay
The potassium coverage is clearly less than 2 ML when
first indication of a peak at 450 K appears. In fact, only wh
the clear onset of desorption from the third layer, or 3
islands, is observed at 360 K does the integrated TPD sig
reach twice that found near 600 K, the full first monolay
signal. Finally, the multilayer potassium desorption peak
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FIG. 1. TPD spectra of potas
sium from Cr2O3~0001!/Cr~110! at
the indicated initial potassium
coverages at a heating rate of 1
K/sec. To achieve the stated cov
erage, a multilayer of potassium i
annealed~at 3 K/sec! to a specific
temperature, as indicated.
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360 K, is similar to that for multilayer potassium desorpti
from metallic substrates@Ru~0001! ~Ref. 10! and Re~001!
~Ref. 30!.#

B. Work-function change measurements

Work-function change~DF! measurements for potassiu
on Cr2O3~0001!/Cr~110! as a function of the potassium cov
erage are depicted in Fig. 2, representing the average of t
independent spectra taken on different days on freshly
pared oxide surfaces. The potassium coverage was prep
as described in Sec. III A above and Fig. 1. The curve ofDF
vs coverage shown in Fig. 2 is similar but not identical to t
one found in the case of alkali metals on metal surfaces.40–43

It reaches its maximum negative value near 0.5 ML, her
decrease of 2.460.3 eV, similar to the results reported pr
viously on this system.36~c! The work-function increase o
more than 1 V observed for coverages beyond 0.5 ML, ho
ever, is quite different from the earlierDF spectra taken
ree
e-
red

e

a

-

following potassium evaporation at 300 K~without anneal-
ing! where there is only a very small increase~0.2 V! above
0.5 ML.

The work-function increase in the case of alkali metals
metal substrates at coverages above 0.5 ML is discusse
the literature in terms of depolarization that arises fro
dipole-dipole repulsion among neighboring potassiu
adatoms.40,42 This behavior on metals has been explain
quantitatively as originating from the gradual growth of ne
tral alkali-metal islands as coverage increases, which coe
with isolated, partially ionized adsorbed atoms.40,43An alter-
native explanation is the gradual, coverage-dependent
crease of the polarizability of the adsorbed alkali metal
coverage increases.41

It is necessary to explain the difference between the
havior ofDF vs coverage above 0.5 ML for the case of K o
Cr2O3~0001!/Cr~110! given here following the annealing
process and the curve reported previously witho
annealing36c and reproduced in this study. The very sm
of
FIG. 2. Work-function change~DF! vs potas-
sium coverage on Cr2O3~0001!/Cr~110!. Potas-
sium was deposited at a surface temperature
300 K. The solid line is a guide for the eye.
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FIG. 3. SHG signal intensity recorded durin
potassium deposition on Cr2O3~0001!/Cr~110! at
95 K.
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work-function increase~compared to metal substrates! at
coverages above 0.5 ML at 300 K without annealing4,36~c!

could be related to the strongly ionic character of the alk
metal layer which is retained all the way to completion of t
first layer. This prevents the gradual development of meta
nature or depolarization at high coverage and therefore
significant change in the work function is observed above
ML. The strongly ionic character is supported by the unu
ally high desorption temperature of the potassium atoms
completion of the first layer~600 vs 350 K on clean metallic
substrates; see Fig. 1!. This is in contrast to the behavior o
metallic substrates, where above 0.5 ML depolarizat
gradually increases the metallic character of alkali-metal
sorbates, thus leading to a significant turnover between
and 1.0 ML.

The curve shown in Fig. 2 following annealing of pota
sium on the oxide surface, however, represents a rather
ferent process. The sharp increase inDF above 0.5 ML is
believed to be associated with the sudden, thermally a
vated formation/synthesis of a potassium oxide surface c
pound. The fact that this sudden turnover to a positive wo
function change occurs only near 0.5 ML and not at low
coverages suggests that the stoichiometry of this compo
~possibly K2O! requires a minimum density of neighborin
potassium atoms. The compound has to be oriented with
positive potassium ions closer to the oxide surface and
oxygen with its negative charge toward the vacuum side
this way, the dipole direction leads to a work-function i
crease, as observed.

There is an interesting ‘‘hump’’ in the work-functio
change around the completion of the second monolayer
lowing the annealing process, as seen in Fig. 2. This
rather reproducible observation in spite of the relatively la
error bars in this coverage range. It is not yet fully und
stood, but we tend to attribute this unique behavior~not
found on metal substrates! to the growth of 2D and perhap
already the initial growth of 3D islands, as discussed in S
III A.

C. Optical SHG

Optical second-harmonic generation is a useful techni
to monitor surface coverage of adsorbates during depos
i-
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or TPD. This is particularly so with alkali metals, for whic
the SH signal is very large.40~b!,44 In Fig. 3, the SH signal
obtained during K evaporation onto Cr2O3~0001!/Cr~110! at
95 K is shown after translating evaporation time to covera
using the calibration curve in the inset of Fig. 3. We find t
uncertainty level associated with evaporation time calib
tion to be615%. It is evident that a broad maximum in th
SH signal is obtained at coverages in the range 1.2–1.6
with 1 ML defined as the first monolayer coverage based
the peak desorption temperatures as discussed above in
III A. This maximum is found at higher coverage on the o
ide than that previously reported for alkali metals on me
surfaces, where a pronounced peak has been observed
the completion of the first monolayer.40~b!,44 This different
behavior is consistent with a slower conversion of the pot
sium layer on oxides into a fully metallic one, that is,
higher coverages.

Complementary information is obtained when the SH
signal is recorded during sample heating, following depo
tion of a well-defined initial coverage. Such SH-TPD spec
are shown in Fig. 4. These spectra reveal very clearly
above 650 K the SH signal is very weak, indicating th
potassium atoms at these coverages on the oxide surfac
rather ionic in nature. The SH-TPD spectra in Fig. 4 do n
simply reproduce the actual desorption events as recorde
the mass spectrometer in Fig. 1. For initial coverages in
range 0.4–0.6 ML, there is a clear increase of the SH sig
intensity in the temperature range between 150 and 300
before any desorption takes place~see Fig. 1!. This can be
attributed to structural rearrangements within the adsor
layer on the surface, which lead to signal enhancement
fact, as shown below, near 130 K surface diffusion is alrea
significant. At higher coverages, just above 320 K, the S
TPD spectra reveal the onset of two new peaks—a sharp
at 325 K and a broader peak at 390 K. The peak at 32
shows up from initial coverages of 1.7 ML and becom
more intense as coverage increases. Above 3 ML, the
TPD spectra no longer change, except for small and s
changes at the baseline signal level due to plasmonic r
nant effects at multilayer alkali-metal coverages, as has b
discussed in the literature.10~c! The sharp peak near 325 K
coincides with the appearance of 3D structures and multi
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ers, just before their desorption from the surface. As see
Fig. 1, the TPD spectra of multilayer coverage contain s
nificant intensity near 360 K, which can be attributed to 3
particles formed on the surface at 325 K, and are therm
stable up to the desorption temperature. These observa
are consistent with the report of 3D islands of potassium
were found in the same system using XPS measurements36~c!

The second, broader peak around 390 K is essent
identical for initial coverages above 1.3 ML. It represents
maximum SH signal obtained during SH-TPD and it rough
corresponds to the same potassium atom density that is
tained at the maximum signal measured during deposition
shown in Fig. 3. The 390 K peak is an order of magnitu
stronger than the SH response of a multilayer coverage
potassium, represented by the signal seen between 100
300 K at coverages above 3 ML~see Fig. 4!. The precise
origin of this peak is difficult to determine without a stru
tural analysis in this coverage range, by scanning tunne
microscopy~STM!, for instance. It is reasonable to sugge
however, that, in analogy to the maximum SH signal seen
alkali metals on metal surfaces mentioned above, this m
mum corresponds to a distribution of neutral surface p
ticles where the 2D clusters dominate. On metallic substr
a similar situation occurs just at the completion of the fi
monolayer. On the chromium oxide surface, the fraction
2D neutral clusters gradually increases in the coverage ra

FIG. 4. SHG signal intensity recorded during TPD of potassi
from Cr2O3~0001!/Cr~110! for the indicated initial potassium cov
erages. Heating rate is 6 K/sec and the deposition tempera
is 95 K.
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between 1.0 and 2.0 ML, following the completion of th
first monolayer, as determined from the TPD and wo
function change data discussed in the previous sections
coverages above 2 ML, 3D islands gradually dominate
surface distribution of particles. The complex dependence
the SH response on the electronic nature of the potass
clusters, and probably also on their size, requires a di
determination of the cluster size distribution by means
e.g., STM, in order to support the hypothesis discus
above.

D. Diffusion of K on Cr 2O3„0001…ÕCr „110…

A brief review is given here of the most important issu
related to grating formation and measuring diffusion via S
diffraction.11–15 First, a laser beam of intensityI 0 is divided
into two beams of intensitiesrI 0 and (12r )I 0 , wherer is
the splitting ratio between the two components~0.5 in our
case!. The two beams are directed at an angle of6f with
respect to the surface normal and recombine to form an
terference pattern on the surface. This recombination p
duces a one-dimensionally modulated intensity according
the equation

I ~x!5I 012I 0Ar ~12r ! cos~2px/w!, ~1!

where I (x) is the intensity at a pointx, w is the grating
period @l/(2 sinf)53.33mm#, l is the wavelength of the
laser light~1.064mm!, andf569.2°. For an incident angle
of the probe laser of 44.3°, the first-order diffraction pe
should appear at 12.8° from the zero-order beam. Once
light absorption by the chromium substrate is known, t
surface temperature along the surface can be calculated
sorption kinetic parameters of potassium atoms from
chromium oxide were derived from the TPD data discus
above. These were determined as a function of coverage
the first monolayer and then for 2D islands and 3D cluste
Having such information, one can simulate the covera
modulation profile.15,40~b! In the particular case of K on
Cr2O3~0001!/Cr~110!, we have shown that the maximum
~actually absorbed! laser power used in our experiments f
grating formation~11 MW/cm2! is sufficient to desorb only
3D particles within the TPD peak at 360 K.45 The periodic
coverage modulation thus simulated can be expressed
Fourier series in coverage,

u~x!5u01 (
n51

`

Qn cos~2pnx/w!, ~2!

whereu0 is the average surface coverage over a single g
ing period. Diffraction of the SH signal is obtained due to t
periodic modulation obtained in the second-order susce
bility x (2).11–15,30This modulation need not be identical t
the coverage modulation, as is the case here, when the
ceptibility is not linearly dependent on coverage due to re
nance enhancements as a function of cluster size~see below!.
Nevertheless, the intensity of the first-order diffraction sign
reflects the modulation depth and its decay allows dir
monitoring of the coverage profile smearing due to diffusio

The one-dimensional second Fick’s diffusion equation
the simple case where the diffusion rate coefficient is in
pendent of coverage simplifies to

re
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]u

]t
5D

]2u

]x2 , ~3!

FIG. 5. First-order SH diffracted peak intensity vs time~a! for
initial potassium coverage of 3.1 ML at the four indicated surfa
temperatures and~b! at surface temperature of 150 K for the thr
indicated initial coverages.
which has an analytical solution for the coverage@u(x,t)# as
a function of time. It can be transformed into the followin
expression for the diffracted SH signal:

I n
2v~ t !}~Qn!25I n

2v~ t50!e28p2n2Dt/w2
, ~4!

where n is the SH diffraction order,Qn is the nth-order
Fourier component of the coverage modulation,D is the rate
constant for diffusion, andw is the coverage modulation pe
riod. Fourier transform analysis of the coverage profile g
erates Fourier components whose magnitudes should be
portional to the square root of the experimental S
diffraction peaks.11,43 In general, however, the diffusion co
efficient is coverage dependent, and therefore the rele
equation should be

]u~x!

]t
5

]

]x S D@u~x!#
]u~x!

]x D . ~5!

In the K/Cr2O3~0001! system, we apply the analysis given
Eqs.~3! and~4! by limiting the coverage modulation depth t
610% around an average final coverage@u0 in Eq. ~2!#. Un-
der these conditions one can approximate the decay of
first-order SH diffraction signal as taking place at a const
coverage and therefore expected to follow an exponen
decay.

Decay curves of the first-order SH signal obtained fro
the potassium grating are shown in Fig. 5 for different s
face temperatures@Fig. 5~a!# and for several initial potassium
coverages at a fixed surface temperature of 150 K@Fig. 5~b!#.
The dependence of the diffusion rate on coverage is see
coverages in the range 1.5–2.5 ML, where a growing fr
tion of 3D islands exists on the surface. For each of th
initial K coverages, the corresponding Arrhenius plot
shown in Fig. 6. These plots were analyzed on the basi
the rate equationD5D0 exp(2Ediff /kT), whereEdiff is the
activation energy for diffusion andD0 is the preexponentia
factor. Finally, both the apparent activation energy for diff
sion and the preexponential factor, obtained from Fig. 6,
displayed in Fig. 7 as a function of the initial potassiu
coverage. The apparent activation energy for diffusion

e

e
FIG. 6. Arrhenius plots obtained from th
curves in Fig. 5 for the indicated initial potassium
coverages.
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picted in Fig. 7 is only marginally dependent on coverage
the range 1.5–2.5 ML. At higher coverages it starts to dr

The question arises as to what exactly is the diffus
process we follow. It is clear from the laser power used
the grating formation based on LITD that only potassiu
atoms adsorbed on top of 2D islands~thermally desorbing
near 360 K! can be removed using the laser desorption te
nique, as discussed above.45 This was verified by comparing
potassium TPD following the high-power laser strike to th
without the laser heating. Only the 360 K peak was subs
tially decreased by the LITD method. We create, therefor
modulated density of 3D particles along the surface wh
forming the grating. The diffusion process we monitor mu
reflect the smearing of the density modulation of these
clusters.

Two 3D-island migration mechanisms need to be cons
ered.~a! Potassium atoms on top of 2D islands diffuse to
edge of the island and then descend by hopping to the ter
below ~first layer of potassium!. ~b! Complete 3D islands
migrate on top of the first highly ionic potassium layer. Bo
mechanisms lead to a smearing of the originally prepa
density modulation of the 3D clusters. It is more likely, w
believe, that single atoms on top of the 2D islands diffuse
the relatively low temperatures~130–160 K! at which the
surface diffusion/migration occurs in this system. The o
served barrier for diffusion of 11 kcal/mol, therefore, shou
reflect the activation energy for hopping from the 2D islan
to the terrace below, considered as a Schwoebel-Ehrlich
rier for a descending step.46

The migration of complete 3D islands is less likely to

FIG. 7. Activation energy for diffusion~b! and the correspond
ing preexponential factors~a! as a function of the initial potassium
coverage.
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the migration mechanism. 3D-island migration is expec
to be associated with a far larger activation energy for m
gration, and therefore a much higher onset temperature
such a mechanism is expected. High-temperature STM
ages of metallic clusters on oxide surfaces have dem
strated the thermal stability of the metallic clusters for se
eral systems.3,4

The origin of the change in both the activation energy a
the preexponential factor for diffusion seen in Fig. 7 at co
erages above 2.5 ML needs to be addressed. One pos
explanation, somewhat speculative at this point, is tha
coverages above 2.5 ML the density of the 2D islands
proaches the percolation threshold. This causes the diffu
rate of third-layer atoms to be determined by migration alo
2D terraces rather than by descending barriers, and thus
expected to be lower, as observed in Fig. 7.

IV. CONCLUSIONS

The interaction and surface diffusion of potassium ato
on the surface of Cr2O3~0001!/Cr~110! has been studied us
ing work-function, TPD, and second-harmonic generat
measurements. We have found that upon adsorption the
tassium atoms tend to form a uniform first layer of partia
ionic adsorbed potassium atoms, followed by 2D islands
3D clusters. These layers are characterized by three dis
desorption peaks near 600 K~first layer!, 450 K ~2D islands!,
and 360 K ~3D clusters!. Work-function change measure
ments were used to monitor the formation of a potassi
oxide surface compound following annealing of the first p
tassium layer above 580 K for coverages higher than
ML. The growth of 2D islands was also detected byDF
measurements.

The optical SHG signal monitored during the depositi
process goes through a maximum at potassium coverage
1.4 ML, supporting the observation of island formation in t
second layer. Recording the SHG signal during surface h
ing in the SH-TPD mode, we can clearly distinguish betwe
the first potassium layer, 2D islands, and 3D clusters, e
represented by separate peaks.

The diffusion of metal atoms on the surface of an oxide
reported here, achieved using optical SH diffraction from
laser-induced desorption coverage grating. A covera
independent activation energy for surface diffusion of
kcal/mol has been determined in the coverage range of 1
2.5 ML. The activation energy dropped to 9 kcal/mol as t
coverage increased to 3.0 ML. We conclude that the dif
sion process is most likely described by the mobility of p
tassium atoms on top of second-layer 2D islands. The exp
mentally observed barrier for diffusion, therefore, shou
reflect the activation energy for descending from the 2D
lands to the first-layer potassium terrace below, the so-ca
Scwoebel-Ehrlich barrier.
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