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The interaction of potassium atoms on top 0£@40001)/Cr(110 has been studied using work-function
(A®d), temperature programmed desorpti@PD), and optical second-harmonic generati@HG) measure-
ments. Potassium grows via the completion of a first layer, followed by a second layer in the form of
two-dimensional2D) 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 monolay#itis). 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 GD;(0001/Cr(110) has been determined to be=0.5 kcal/mol with a preexpo-
nential factorD,=10° cné/sec in the coverage range of 1.5-2.5 ML, dropping to 9 kcal/mol Rpe 3
X 10° cné/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.

. INTRODUCTION cleanlines$’ and surface anisotropyhave all been shown
to dramatically affect the surface diffusion of alkali metals.
The interaction of metal particles on oxide substrates haBiffusion by movement into the second lay@rthe forma-
been the focus of increasing interest in recent years due tibon of islands?>~2°and substitution into the lattié& > have
the extremely wide range of applications in which these sysbeen postulated as possible reasons for the effect of coverage
tems play an important rofe? In particular, geometric and on diffusion.
electronic structure and the resulting chemistry of small me- Laser-induced thermal desorpti¢hlTD) has been used
tallic particles on oxide surfaces have been studigdt is  to study the diffusion of potassium on clean (B0l as a
surprising to realize, however, that, despite the importance dunction of surface coverage employing the hole-refilling
oxides as support materials in catalysis, none of the studiemethod® The LITD technique has also been employed to
so far have addressed the effect of ionic substrates, such ageate a periodic coverage modulation of K or{®) (Ref.
oxides, on the mechanism and rates of macroscopic diffusioB0(a@)] and R001),3®® from which diffusion can be mea-
as input for understanding sintering phenomena. sured using second-harmoni8H) optical diffraction. this
In contrast, adsorbate diffusion on well-defined metal surtechnique has provided valuable information in several other
faces has received growing experimental and theoretical atases utilizing either second-harmdfiit*3*=33 or linear
tention over the last decadé.The introduction of laser de- diffraction,*>4343%hoth of which were demonstrated to be
sorption techniques has significantly increased the variety oéffective in monitoring diffusion on the length scale of mi-
atoms and molecules for which surface diffusion can becrometers. Monitoring diffusion using SH diffraction is es-
studied®® Of special interest is the diffusion of alkali met- pecially effective for alkali metals due to their strong second-
als, due to their well-known promotion effect in catalysis, harmonic generatiofSHG).*
and the dependence of this promotion effect on alkali-metal In this study we present the results of our measurements
dispersion and coverage on the surface of the catalyst. Oragldressing the effect of an ionic oxide substrate
of the key questions that remains open for many of thg Cr,05(0001/Cr(110] on the interaction and also on the
alkali-metal—surface systems is the degree of charging asurface diffusion of potassium. The interactions of
ionicity of the alkali metal and how it changes with cover- sodiun?®® and potassiuff®36° with Cr,05(0001) have
age. previously been investigated utilizing x-ray photoelectron
Numerous experimental techniques have provided inforspectroscopyXPS) and laser desorption, while studying the
mation on alkali-metal surface-diffusion kinetics, from photochemical response of the adsorbed potassium. Here we
which activation energies for diffusion and preexponentialhave employed TPD, work-function, and optical SH diffrac-
factors have been obtained. In the limit of zero coveragetion methods to study the adsorption and diffusion of potas-
however, rather different numbers were reported, varyingsium on chromium oxide. The formation of two-dimensional
from 17.5[K on W(112)],*6 to 2 kcal/mol[K on Pd111), Na  (2D) islands in the second layer and 3D clusters at higher
on CU100].}"*8Surface damage due to sputteriigurface  coverages was identified by all three techniques. The barrier
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for diffusion as it changes with coverage has been discussqubtassium sourcéSAES Getterslocated approximately 20
in terms of the diffusion mechanism within the third layer. mm from the sample. This was sufficient to produce a mono-
layer (ML) of potassium on the surface within 2—3 min.
Potassium surface coverages were generated by first expos-
Il. EXPERIMENT ing the oxide to~3 ML of potassium atoms and subsequent

The details of the experimental appardfi€and the laser @nnealing of the surface to a given temperatiaggproached
setug®® were given elsewhere. Briefly, the experimental@ 3 K/seg in the range 900-300 K. In this way, highly

system is based on an UHV chamber with a base pressuf§Producible coverages could be obtainedthin 5% of a
below 8x 10~ 1Torr, equipped with a sputter gun, a quad- monolayey in the coverage range 0—2.5 ML, as determined
rupole mass spectrometé®MS), and a Kelvin probe. A and calibrated by integrated TPD peak-area measurerffents.

p-polarized pulsed Nd:YAGyttrium aluminum garnétlaser
(Quantel YG585at a fundamental wavelength of 1.0@4n, I1l. RESULTS AND DISCUSSION
having a repetition rate of 10 Hz and pulse duration of 10
nsec(full width at half maximum, was used for both potas-
sium coverage determination and the diffusion measure- TPD spectra of potassium from the,O(0001) surface
ments. The laser pulse was split into two beams; the highreveal three distinct desorption pealseating rate of 10
power beam was used for coverage grating formation via/sec, Fig. ). A low-coverage desorption peak appears near
LITD, while the lower-power part was used as a probe beam850 K, shifting to 600 K on completion of the first mono-
The probing technique was based on optical seconddayer. Unlike the case of alkali-metal desorption from metal-
harmonic diffraction from the adsorbate grating. In the ex-lic substrate$” the peak desorption temperature that per-
periments reported here, the high-power pulse was split at @ins to a coverage of 1 ML is relatively high. This
ratio of 1:1 for heating the surface and causing the necessanbservation is consistent with the potassium atoms being
interference to form the monolayer grating. The two beamgartially positively ionized even at the completion of the first
struck the potassium-covered ;050001 surface at inci- layer, unlike the complete neutrality believed to be the case
dent angles of¢=+9.2° from the normal to the surface. when 1 ML is adsorbed on metallic surfac@She width of
These beams spatially overlapped at the center of the sampllee TPD peak reflects the usual repulsive interactions be-
with a spot size of 0.34 cfnThe maximum power density of tween neighboring K adatoms. The effect of growing repul-
the laser used for LITD actually absorbed by the sample pesion as coverage increases on the desorption spectra of alkali
pulse(both beampwas approximately 11 MW/cf(150 mJ/ metals has been discussed in great detail in the literature,
pulse. A spatial intensity modulation is formed under theseusing various electrostatic modéfs. In our case—
conditions due to interference between the two beams. As K/Cr,03(000)—an activation energy for desorption of 59
result, a periodic potassium coverage modulation is created 5 kcal/mol has been obtained in the limit of zero coverage,
in a gratinglike pattern. assuming a “standard” preexponential factor oft3gec .

The 1.064um probe laser hit the center of the sample atThis can be compared with the activation energy of 68.5
an incident angle of 45° from the normal to the surface withkcal/mol recently reported for the K/R@01) systemi*®
a spot size of 0.05 ctto ensure that the probe laser fell Above 1 ML, further decrease of the binding energy of
within the area of grating formation. The absorbed fundapotassium is observed as coverage increases. This can be
mental laser intensity was at most 1.0 MWFwhich cor-  explained by the same repulsive interactions between neigh-
responds to a maximum transient jump in surface temperasoring K adatoms. Since the £3;(0001/Cr(110 surface is
ture of 30 K; ensuring negligible diffusion of potassium due hexagonal, the density of potassium atoms on completion of
to and during the pulse of the probe laser. the first layer is assumed to be similar to that observed on

The preparation and characterization of the@z(0002) most metallic hexagonal surfacés.g., K/Ri{001)=0.33.
surface following oxidation of the clean @10 metal sur- This means a nearest K-neighbor separation for K atoms of
face were described elsewhere in detdBriefly, the clean- 4.95 A. K atoms in the second layer are expected to reside
ing procedure involved prolonged sputter-annealing cycles tat sites slightly above the first-layer atoms, but still close
eliminate any contaminants that can be detected by Augeznough to the underlying chromium ions of the substrate to
spectroscopy. The oxidation procedure was then performekave significant binding of these second-layer atoms to the
by exposing the clean metal at a temperature of 540 K for Burface. This explains the relatively high desorption tempera-
min to oxygen at an ambient pressure of 207 ® mbar, then  ture of the potassium atoms from this layer. The second peak
at 780 K for another 2 min, followed by annealing to 1000at 450 K (binding energy of 2% 2 kcal/mo) is thus under-
K. Before each measurement, the sample was cleaned Isfood to correspond to desorption of potassium from 2D is-
flashing to 1000—1050 K under UHV conditions. The 3—4lands formed on top of the first monolayer. A measurable
nm thick oxide layer formed has the hexago(@001) plane  and reproducible desorption rate of potassium is also ob-
exposed, as revealed and verified by low-energy electron difserved between 450 and 600 K. This is explained as the
fraction (in a different UHV chamber Temperature control result of single adatoms on top of the completed first layer.
and TPD measurements have been described elsewhereThe potassium coverage is clearly less than 2 ML when the
The chamber was equipped also with a Kelvin probe foffirst indication of a peak at 450 K appears. In fact, only when
work-function measurements, the probe can be operated inthe clear onset of desorption from the third layer, or 3D
A®-TPD mode™® islands, is observed at 360 K does the integrated TPD signal

Potassium was dosed onto the,@40001)/Cr(110 sur- reach twice that found near 600 K, the full first monolayer
face by passing currerig.5—-6.5 A through a commercial signal. Finally, the multilayer potassium desorption peak, at

A. TPD of K from Cr ,04(0003/Cr (110
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K/Cr,0,(0001)/Cr(110) 6, T..
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= 3000 100 ML 500K FIG. 1. TPD spectra of potas-
:_ —0.78 ML 560K sium from CpO5(0001)/Cr(110) at
2 ——0.56 ML 590K the indicated initial potassium
8 2000 —— 0.44 ML 620K coverages at a heating rate of 10
© —— 0.24 ML 850K K/sec. To achieve the stated cov-
D ] 8'2(1) mt 3?8:: erage, a multilayer of potassium is
$ 1000 - 0:16 ML 740K annealedat 3 K/gec)_to a specific
s —0.08 ML 800K temperature, as indicated.
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360 K, is similar to that for multilayer potassium desorption following potassium evaporation at 300 (ithout anneal-
from metallic substratefRu(0001) (Ref. 10 and R&€001) ing) where there is only a very small increa®€e2 V) above
(Ref. 30.] 0.5 ML.

The work-function increase in the case of alkali metals on
metal substrates at coverages above 0.5 ML is discussed in
the literature in terms of depolarization that arises from

Work-function changéA®) measurements for potassium dipole-dipole repulsion among neighboring potassium
on Cr0O4(0001)/Cr(110) as a function of the potassium cov- adatom$®4? This behavior on metals has been explained
erage are depicted in Fig. 2, representing the average of thregiantitatively as originating from the gradual growth of neu-
independent spectra taken on different days on freshly preral alkali-metal islands as coverage increases, which coexist
pared oxide surfaces. The potassium coverage was preparaith isolated, partially ionized adsorbed atoffi§3An alter-
as described in Sec. Ill A above and Fig. 1. The curvA®f  native explanation is the gradual, coverage-dependent in-
vs coverage shown in Fig. 2 is similar but not identical to thecrease of the polarizability of the adsorbed alkali metal as
one found in the case of alkali metals on metal surf48e¥.  coverage increasés.

It reaches its maximum negative value near 0.5 ML, here a It is necessary to explain the difference between the be-
decrease of 240.3 eV, similar to the results reported pre- havior of A® vs coverage above 0.5 ML for the case of K on
viously on this system®® The work-function increase of Cr,0,(0001/Cr(110) given here following the annealing
more tha 1 V observed for coverages beyond 0.5 ML, how-process and the curve reported previously without
ever, is quite different from the earliek® spectra taken annealind®® and reproduced in this study. The very small

B. Work-function change measurements
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FIG. 3. SHG signal intensity recorded during
potassium deposition on &€95(0001)/Cr(110 at
95 K.
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work-function increaselcompared to metal substrateat or TPD. This is particularly so with alkali metals, for which
coverages above 0.5 ML at 300 K without annedlitff’  the SH signal is very larg®®44 In Fig. 3, the SH signal
could be related to the strongly ionic character of the alkali-obtained during K evaporation onto £05(0001)/Cr(110) at
metal layer which is retained all the way to completion of thegs K is shown after translating evaporation time to coverage,
first layer. This prevents the gradual development of metallig;sing the calibration curve in the inset of Fig. 3. We find the
nature or depolarization at high coverage and therefore ngncertainty level associated with evaporation time calibra-
significant change in the work function is observed above 0.%ign to be +15%. It is evident that a broad maximum in the
ML. The strongly ionic character is supported by the unususH signal is obtained at coverages in the range 1.2—1.6 ML,
ally high desorption temperature of the potassium atoms oQjth 1 ML defined as the first monolayer coverage based on
completion of the first layef600 vs 350 K on clean metallic the peak desorption temperatures as discussed above in Sec.
substrates; see Fig).IThis is in contrast to the behavior on || A. This maximum is found at higher coverage on the ox-
metallic substrates, where above 0.5 ML depolarizationge than that previously reported for alkali metals on metal
gradually increases the metallic character of alkali-metal adgyrfaces, where a pronounced peak has been observed near
sorbates, thus leading to a significant turnover between 0.fe completion of the first monolay&®?4* This different
and 1.0 ML. o _ . behavior is consistent with a slower conversion of the potas-
The curve shown in Fig. 2 following annealing of potas- sjum layer on oxides into a fully metallic one, that is, at
sium on the oxide surface, however, represents a rather difsigher coverages.
ferent process. The sharp increaseAt above 0.5 ML is  Complementary information is obtained when the SHG
believed to pe associated with the Sudden, therma“y a.Ct|signa| is recorded during Samp'e heating’ fo”owing deposi_
vated formation/synthesis of a potassium oxide surface comjon of a well-defined initial coverage. Such SH-TPD spectra
pound. The fact that this sudden turnover to a positive workzre shown in Fig. 4. These spectra reveal very clearly that
function change occurs only near 0.5 ML and not at lowerghoye 650 K the SH signal is very weak, indicating that
coverages suggests that the stoichiometry of this compoungbtassium atoms at these coverages on the oxide surface are
(possibly KO) requires a minimum density of neighboring rather ionic in nature. The SH-TPD spectra in Fig. 4 do not
potassium atoms. The compound has to be oriented with thgmply reproduce the actual desorption events as recorded by
positive potassium ions closer to the oxide surface and thghe mass spectrometer in Fig. 1. For initial coverages in the
oxygen with its negative charge toward the vacuum side. Ifange 0.4-0.6 ML, there is a clear increase of the SH signal
this way, the dipole direction leads to a work-function in- intensity in the temperature range between 150 and 300 K,
crease, as observed. _ ~ before any desorption takes plagee Fig. 1 This can be
There is an interesting “hump” in the work-function attributed to structural rearrangements within the adsorbed
change around the completion of the second monolayer fokayer on the surface, which lead to signal enhancement. In
lowing the annealing process, as seen in Fig. 2. This is @ct, as shown below, near 130 K surface diffusion is already
rather reproducible observation in spite of the relatively |afgesigniﬁcant. At higher coverages, just above 320 K, the SH-
error bars in this coverage range. It is not yet fully under-Tpp spectra reveal the onset of two new peaks—a sharp one
stood, but we tend to attribute this unique behavioot 5t 325 K and a broader peak at 390 K. The peak at 325 K
found on metal substrateto the growth of 2D and perhaps shows up from initial coverages of 1.7 ML and becomes
already the initial grOWth of 3D iSlandS, as discussed in Seq:nore intense as coverage increases. Above 3 ML, the SH-
IA. TPD spectra no longer change, except for small and slow
) changes at the baseline signal level due to plasmonic reso-
C. Optical SHG nant effects at multilayer alkali-metal coverages, as has been
Optical second-harmonic generation is a useful techniqueiscussed in the literatut@® The sharp peak near 325 K
to monitor surface coverage of adsorbates during depositiopoincides with the appearance of 3D structures and multilay-



PRB 62 INTERACTION AND DIFFUSION OF POTASSIUM ON . .. 7531

between 1.0 and 2.0 ML, following the completion of the
first monolayer, as determined from the TPD and work-
function change data discussed in the previous sections. At
coverages above 2 ML, 3D islands gradually dominate the
surface distribution of particles. The complex dependence of
the SH response on the electronic nature of the potassium
clusters, and probably also on their size, requires a direct
determination of the cluster size distribution by means of,
e.g., STM, in order to support the hypothesis discussed
above.

-

o

'S

D. Diffusion of K on Cr,04(0002/Cr (110

A brief review is given here of the most important issues
related to grating formation and measuring diffusion via SH
diffraction 1~ First, a laser beam of intensity, is divided
into two beams of intensitied o and (1-r)l,, wherer is
the splitting ratio between the two componef@s5 in our
case. The two beams are directed at an angletap with
respect to the surface normal and recombine to form an in-
terference pattern on the surface. This recombination pro-
duces a one-dimensionally modulated intensity according to
the equation

w

N

-

SHG Intensity (Arb. Units)

[(X)=Ilg+2lgyr(1—r)cog2mx/w), D

where I (x) is the intensity at a poink, w is the grating
period[N/(2 sing)=3.33um], A is the wavelength of the
laser light(1.064 um), and¢ = +9.2°. For an incident angle
Temperature (K) of the probe laser of 44.3°, the first-order diffraction peak
should appear at 12.8° from the zero-order beam. Once the
FIG. 4. SHG signal intensity recorded during TPD of potassiumlight absorption by the chromium substrate is known, the
from Cr,03(0002/Cr(110) for the indicated initial potassium cov- surface temperature along the surface can be calculated. De-
erages. Heating rate is 6 K/sec and the deposition temperatuksorption kinetic parameters of potassium atoms from the
is 95 K. chromium oxide were derived from the TPD data discussed
above. These were determined as a function of coverage for
ers, just before their desorption from the surface. As seen ithe first monolayer and then for 2D islands and 3D clusters.
Fig. 1, the TPD spectra of multilayer coverage contain sigHaving such information, one can simulate the coverage
nificant intensity near 360 K, which can be attributed to 3Dmodulation profile>“®™ In the particular case of K on
particles formed on the surface at 325 K, and are thermall{cr,05(0001)/Cr(110,, we have shown that the maximum
stable up to the desorption temperature. These observatiof@ctually absorbedaser power used in our experiments for
are consistent with the report of 3D islands of potassium thagrating formation(11 MW/cn?) is sufficient to desorb only
were found in the same system using XPS measurer®hts. 3D particles within the TPD peak at 360°R.The periodic
The second, broader peak around 390 K is essentiallpoverage modulation thus simulated can be expressed as a
identical for initial coverages above 1.3 ML. It represents theFourier series in coverage,
maximum SH signal obtained during SH-TPD and it roughly .
corresponds to the same potassium atom density that is ob-
tained at the maximum signal measured during deposition, as 0(x)= 00+n§=:1 0, cog2mnx/w), 2
shown in Fig. 3. The 390 K peak is an order of magnitude
stronger than the SH response of a multilayer coverage ofhere, is the average surface coverage over a single grat-
potassium, represented by the signal seen between 100 aimngy period. Diffraction of the SH signal is obtained due to the
300 K at coverages above 3 M(see Fig. 4 The precise periodic modulation obtained in the second-order suscepti-
origin of this peak is difficult to determine without a struc- bility x?).*1~1%30This modulation need not be identical to
tural analysis in this coverage range, by scanning tunnelinghe coverage modulation, as is the case here, when the sus-
microscopy(STM), for instance. It is reasonable to suggest,ceptibility is not linearly dependent on coverage due to reso-
however, that, in analogy to the maximum SH signal seen fonance enhancements as a function of cluster(size below.
alkali metals on metal surfaces mentioned above, this maxiNevertheless, the intensity of the first-order diffraction signal
mum corresponds to a distribution of neutral surface parreflects the modulation depth and its decay allows direct
ticles where the 2D clusters dominate. On metallic substratesionitoring of the coverage profile smearing due to diffusion.
a similar situation occurs just at the completion of the first The one-dimensional second Fick’s diffusion equation for
monolayer. On the chromium oxide surface, the fraction ofthe simple case where the diffusion rate coefficient is inde-
2D neutral clusters gradually increases in the coverage rangeendent of coverage simplifies to
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which has an analytical solution for the covera@éx,t)] as
12 @ K/Cr,0,(0001)/Cr(110) Is%o a function of time. It can be transformed into the following

J— expression for the diffracted SH signal:

b l A 140 _g.- 2.2 2
h 150 |ﬁ"’(t)°‘(®n)2:|ﬁ‘”(t:0)e 8 n“Dyw* (4)

where n is the SH diffraction order®, is the nth-order
Fourier component of the coverage modulatibns the rate
constant for diffusion, and is the coverage modulation pe-
riod. Fourier transform analysis of the coverage profile gen-
erates Fourier components whose magnitudes should be pro-
portional to the square root of the experimental SH
diffraction peaks!*3In general, however, the diffusion co-
efficient is coverage dependent, and therefore the relevant
equation should be

a0(x) d ( (?0(x)>

1st Order SHG Intensity (Norm)

T ax | PLOCOT—=—

o ®

In the K/Cr,O5(0007) system, we apply the analysis given in
Egs.(3) and(4) by limiting the coverage modulation depth to
+10% around an average final coverggg in Eq. (2)]. Un-
der these conditions one can approximate the decay of the
first-order SH diffraction signal as taking place at a constant
coverage and therefore expected to follow an exponential
decay.

Decay curves of the first-order SH signal obtained from
the potassium grating are shown in Fig. 5 for different sur-

o
K
1

1st Order SH Intensity (Norm.)

0.2- 3 Fp e
Lo e Te ) face temperaturd$ig. 5a)] and for several initial potassium
00 — coverages at a fixed surface temperature of 136if. Xb)].
0 200 400 600 800 1000 The dependence of the diffusion rate on coverage is seen at
Time (Seconds) coverages in the range 1.5-2.5 ML, where a growing frac-

tion of 3D islands exists on the surface. For each of these
FIG. 5. First-order SH diffracted peak intensity vs titfa for ~ initial K coverages, the corresponding Arrhenius plot is
initial potassium coverage of 3.1 ML at the four indicated surfaceshown in Fig. 6. These plots were analyzed on the basis of
temperatures antb) at surface temperature of 150 K for the three the rate equatio® = D, exp(—Eg /kT), whereEg is the
indicated initial coverages. activation energy for diffusion anB, is the preexponential
factor. Finally, both the apparent activation energy for diffu-
sion and the preexponential factor, obtained from Fig. 6, are

90 90 ; bl : " :
—=D—, ©) displayed in Fig. 7 as a function of the initial potassium
at IX coverage. The apparent activation energy for diffusion de-
22 T T T T T T T
| 9, (ML) 1
23 m 15
] e 19 |
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% 7] 7] FIG. 6. Arrhenius plots obtained from the
— 26 A . curves in Fig. 5 for the indicated initial potassium
1 4 coverages.
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T " T " T the migration mechanism. 3D-island migration is expected
to be associated with a far larger activation energy for mi-
gration, and therefore a much higher onset temperature for
such a mechanism is expected. High-temperature STM im-
ages of metallic clusters on oxide surfaces have demon-
strated the thermal stability of the metallic clusters for sev-
eral systems?*

The origin of the change in both the activation energy and
the preexponential factor for diffusion seen in Fig. 7 at cov-
erages above 2.5 ML needs to be addressed. One possible
explanation, somewhat speculative at this point, is that at
coverages above 2.5 ML the density of the 2D islands ap-
15 (b) ' ' ) ' ' ! proaches the percolation threshold. This causes the diffusion

1 V. K/Cr,0,(0001)/Cr(110) ] rate of third-layer atoms to be determined by migration along
11.07 / - 2D terraces rather than by descending barriers, and thus it is
1 1 expected to be lower, as observed in Fig. 7.

(@)

D, (cmz/sec)

IV. CONCLUSIONS

The interaction and surface diffusion of potassium atoms
on the surface of GD5(0001)/Cr(110) has been studied us-
ing work-function, TPD, and second-harmonic generation
measurements. We have found that upon adsorption the po-
. . . : . tassium atoms tend to form a uniform first layer of partially
15 2.0 25 3.0 ionic adsorbed potassium atoms, followed by 2D islands and

. 3D clusters. These layers are characterized by three distinct
K initial coverage (ML) desorption peaks near 600(Rrst layen, 450 K (2D islands,
and 360 K(3D clusters. Work-function change measure-
ments were used to monitor the formation of a potassium
oxide surface compound following annealing of the first po-
tassium layer above 580 K for coverages higher than 0.5

picted in Fig. 7 is only marginally dependent on coverage inML. The growth of 2D islands was also detected Ay
the range 1.5-2.5 ML. At higher coverages it starts to dropMeasurements. . _ . o
The question arises as to what exactly is the diffusion The optical SHG signal monitored during the deposition
process we follow. It is clear from the laser power used forProcess goes through a maximum at potassium coverage near
the grating formation based on LITD that only potassiuml-4 ML, supporting thg observation qf island formatlon in the
atoms adsorbed on top of 2D islantteermally desorbing Second layer. Recording the SHG signal during surface heat-
near 360 K can be removed using the laser desorption techind in the SH-TPD mode, we can clearly distinguish between
nique, as discussed aboteThis was verified by comparing the first potassium layer, 2D islands, and 3D clusters, each
potassium TPD following the high-power laser strike to that"€Presented by separate peaks. o
without the laser heating. Only the 360 K peak was substan- 1he diffusion of metal atoms on the surface of an oxide is
tially decreased by the LITD method. We create, therefore, &£Ported here, achieved using optical SH diffraction from a
modulated density of 3D particles along the surface whild@Ser-induced desorption coverage grating. A coverage-
forming the grating. The diffusion process we monitor mustindependent activation energy for surface diffusion of 11

reflect the smearing of the density modulation of these 30Kcal/mol has been determined in the coverage range of 1.2—
clusters. 2.5 ML. The activation energy dropped to 9 kcal/mol as the

Two 3D-island migration mechanisms need to be considcoverage increased to 3.0 ML. We conclude that the diffu-
ered.(a) Potassium atoms on top of 2D islands diffuse to theSiON process is most likely described by the mobility of po-
edge of the island and then descend by hopping to the terrad@SSium atoms on top of second-layer 2D islands. The experi-
below (first layer of potassium (b) Complete 3D islands mentally obse.rve.d barrier for d|ffu3|on,. therefore, shoulld
migrate on top of the first highly ionic potassium layer. Both reflect the activation energy for descending from the 2D is-
mechanisms lead to a smearing of the originally prepareéa”ds to the flrst—layer potassium terrace below, the so-called
density modulation of the 3D clusters. It is more likely, we SCWoebel-Ehrlich barrier.
believe, that single atoms on top of the 2D islands diffuse at
the relativ_ely _Iow tgmpgraturea30f160. K at which the ACKNOWLEDGMENTS
surface diffusion/migration occurs in this system. The ob-
served barrier for diffusion of 11 kcal/mol, therefore, should This work was partially supported by the Israel Science
reflect the activation energy for hopping from the 2D islandsFoundation and the German Israeli Foundation. The Farkas
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FIG. 7. Activation energy for diffusiorib) and the correspond-
ing preexponential factor&) as a function of the initial potassium
coverage.
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