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Determination of the lateral Xe-Xe potential in a single xenon layer adsorbed on Q10
from surface phonon dispersion measurements
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The dynamics of high-ordec(26xX2) Xe monolayer adsorbed on (10 was determined using high-
resolution inelastic He-atom scattering. In addition to the vertically polar&echode we observed a longi-
tudinally polarized. mode with a small excitation probability, which has been seen before for Xe adlayers on
the two other low-index Cu single-crystal surfaceg 100 and Cy111). The L mode exhibits a zone-center
gap of 0.55-0.15 meV along thg001] direction, which allows us to estimate the corrugation of the Xe-
Cu(110 potential-energy surface. The dispersion of theode reveals an anomaly in the interaction between
adsorbed Xe atoms. Likewise, in previous studies of Xe monolayers on Cu surfaces, the data analysis reveals
an anomalous softening of the Xe-Xe interaction.
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I. INTRODUCTION Il. EXPERIMENTAL SETUP

Single layers of noble gases physisorbed on single-crystz—Hi The experiments to be presented here were performed in a

. ; : gh-resolution helium-atom surface scattering apparatus
surfaces are considered to be ideal model systems with r GURKE). The experimental setup has been described in de-
gard to a detailed understanding of the structure and dyna . P P

. ; . . tail elsewheré so only a brief description of the main char-
ics of adsorbates.The general interest in these systems is o . .
acteristics will be given here. The energy of the nearly mo-

based on the assumption that the interaction between noble- . : . . .
) . o . noenergetic supersonic helium-atom beam with a typical full
gas atoms is only slightly modified when deposited on awidth at half maximum(FWHM) of AE/E=29% is deter-
metal surface. However, recent experimental results on the . . N
o . ined by the nozzle temperature, which can be varied in the
anomalously small force constants describing the coupling O?n e 0fTy=40—500 K € =10-120 meV). The scattered
Xe atoms adsorbed on different Cu surfaces have challeng%ge”%m atoNn:s are detectecli_at a fixed total écatterin angle of
this assumptio”:=> A lattice-dynamical analysis of a longitu- g ang

dinal mode in Xe monolayers adsorbed on(fl0) and on ©sp=90.5° between incoming and outgoing beams with a

Cu(111) reveals numerical values for the force constants Couhomemade magnetic mass spectrometer, mounted at a dis

pling the adjacent atoms that are only 30% of the valueéance of 1.08 m from the target. Angular diffraction scans are

. . measured by rotating the crystal around an axis perpendicu-
f h -ph - . X
expected from the corresponding precise gas-phase pOteEar to the scattering plane in the stepsAd®;=0.05° (polar

tials. Recently, however, the interpretation of the experimen- : .
tal data has been challenged by Bruch who suggested a dz-_ngle' Energy—loss_ spectra are recorded using a t|mg-of—
ferent assignment of the low-energy vibrations seen in th light (TOR) techmqui. Thoe overall angular' res:olutlon
He-atom scatterin¢HAS) data? In addition, new data on the amounts to aboud®=0.25" and the resolution in the
vibrational properties of noble-gas adlayers adsorbed Oéne_rg_y-loss measggrements_ tQS(AlE)SO.QJ meV (see
Pt(111) were interpreted in terms of a rather good agreemen milgies and TO‘?””' and Hmchet al?). B(_)th values de-.
with theoretical expectatiorswith regard to the anomaly in pend on the various machine parameters: the values given
the Xe-Xe potential for monolayers on Cu substrates it hagP0Ve are valid for the energy range Bf=10-25meV.

also remained unclear why the anomaly was not observed forhe TOF setup was calibrated by using a molecular beam of
Cu(110 in the previous work by Zeppenfelet al®” Here ~HD seeded in He(10% H,, 10% D,, 80% He passed

we report the results of a reinvestigation of thg26x2)  through a heated Mg reacjoand determining the well-
overlayer of Xe on C(110). Our new data strongly suggest known excitation energy of the fir611.06 meV and second

that the earlier data reported in Refs. 6 and 7 have to b&33.12 meV rotational states of the HD molecuteFor the
reassigned. Our precise determination of thmode for this ~ present experiments it was essential to be able to rapidly cool
surface reveals the same anomalies seen for the two othdpwn the crystal400—40 K in 10 min in order to avoid a
low-index Cu surfaces. In addition, the fact that the presentontamination of the sample. During the experiments re-
surface exhibits a twofold symmetry only allows for a clearported here, the base pressure in the scattering chamber was
distinction between the shear-horizontal and longitudinain the low-10 *:-mbar-pressure range. The cooling to 30 K
modes, thus fully corroborating our earlier assignment fowas accomplished by using a liquid-helium cold finger. The
the case of Ci11) and C{001) surfaces. Furthermore, from temperature measurement accurddy= *5 K of the abso-

the zone-center phonon gap observed in the present wotlkite surface temperature, measured with a Ni-Niitype)

along the[001] direction, we can estimate the corrugation of thermocouple attached to the side of the specimen, was de-
the Xe-Cy110 potential-energy surface along this direction. terminedin situ with a calibrated Si diodéLakeshore DT-
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FIG. 1. Intensity of the specularly reflected He beam recorded 34
during Xe exposuréXe pressure: ¥ 10 8 mbar) and slowly de- 2 [ il
creasing sample temperaturég94—50 K; He beam energk; .g 21 J
=10.7 meV). (A) Beginning of the adsorption process af =
=81 K. (B) Formation of the Xec(26X 2) phase in a narrow tem- op— " 1
perature interval fronTs=55-52 K. The reflectivity of the Xe ad- -4 -2 0 2 4
layer is reduced to 1% of the reflectivity of the clean surfd€s. Momentum Transfer Ak” [1/A]
End of Xe exposure and reformation of the ¢B) overlayer. Gray
rectangle: bilayer formation beloWs=52 K at a Xe pressure of FIG. 2. He-atom diffraction scans of the well-defined, highly
1x10 8 mbar (Refs. 33 and 34 The inset shows the variation of ordered commensurate X&26x 2) structure recorded along the
the sample temperature with time. two high-symmetry directiong110] (A) and[001] (B) of the cop-

per fcc(110) surface at an incident He energy of 10.8 meV and a
471-SD and by recording thermal desorption spectra of mul-sample temperature of 50 K. Small peaks at(thé,0) Cu position
tilayers ofn-alkanest®*? imply that the Xe overlayer has only a small corrugation amplitude

The mechanically polished CLL0 crystal was first equal to the substrate corrugation[ih10] direction. In the[001]
aligned to within 0.1°, then cleaned situ in vacuum with  direction Xe diffraction peaks fit perfectly to the underlying sub-
multiple cycles of argon-ion sputteriri@ «A cm ™2, 700 eV}, strate structure.
and finally annealed ats=900 K. After this preparation no
contamination could be detected with x-ray photoemissionyoption aff =81 K (A) and the formation of a terrace in the
spectroscopyless than 5% of a monolayer for carbon con- aqsorption curve in the narrow temperature interval from
taining speciesand the helium diffraction pattern showed Ts=55=T¢=52 K (B). The latter feature could be related to
intense diffraction peak; and a low diffuse backgrpund. EXthe formation of a Xec(26% 2) phase as evidenced by the
posure to Xe was carried out by using an effusive sOurCgye iffraction scans. For the following experiments the Xe
moqnted at a distance of 7 mm in front of the crystal _Surfaceadlayer was prepared by adsorption at a fixed temperature of
During exposure, the pressure inside the chamber increaseg K, yielding a well-orderedc(26x2) HOC structure.
to 1x10 8 mbar: the pressure at the surface is estimated Qvhen monolayer coverage was reached, the Xe gas was
be about 2 orders of magnitude above this value. pumped off and the crystal was cooled to 3035 K before the

inelastic He scattering data were recorded. To maintain the

IIl. RESULTS quality of the adlayer over longer periods of tirftgpically
6-—8 h the surface was periodically annealed to 55 K to
A. Structure remove bilayer Xe formed by adsorption from the residual

As discussed by Zeppenfeldtall® in their detailed 9as. In Fig. 2 typical angular distributions measured along
analysis of the various temperature- and coverage-dependefe two high-symmetry directions of the 10 surface are
h|gh CommensuratéHOC) Xe Over|ayers on qu_lo), the dISplayed Along théOOl] direction (B) the relative intensi-
c(26x 2) phase is the most stable structure in the temperati€s I 0,1=1(02) of the (+0,1) Cu and(+0,2) Cu diffraction
ture range fromTs=60 to 40 K. Below 40 K the bilayer Peaks with respect to the specularly reflected interigity),
formation starts and special care has to be taken to avoitto)/!(0,0=1 were found to be significantly larger than for
bilayer formation at lower temperatures. The adsorption ofhe clean surface whergg 1)/l 9 0=<1/35. No new diffrac-
Xe on the Cy110) surface was monitored by recording the tion peaks are seen along this azimuth. Along fAd0]
intensity of the specular HRg o) beam versus timé.e., the  direction (A) a more complicated scenario is observed. In
surface reflectivity. In Fig. 1 we display a typical o) vs  addition to the small diffraction peaks located at {1€0)
time plot, recorded using a Xe background pressure of Jand(—1,0) positions of the clean GU10) substrate a\k;
X108 mbar and a cooling rate 0fTg/6t=0.3—0.1K/s =+2.46 A1, intense diffraction peaks labeld@\s are de-
(the substrate temperature as a function of time is shown itected atAk,= +0.38 A~! and a new peak labelgd,0) Xe
the inset of Fig. 1 The results reveal the onset of Xe ad- is seen at\k,= +2.84 A1, The positions and intensities of
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FIG. 3. (A) Schematic model of the HOE(26x2) Xe over- 20}
layer on C@110). In the top view the first and second substrate
layers(gray and dark grayare shown together with the Xe adlayer. 10t
The HOC Xe adlayer unit cell and the primitive cell of the quasi-
hexagonal lattice(solid rectangle and parallelogranare also Ot . A . 2
shown. The lower sketch of the side vidfirst and second rows of -6 -4 2 0 2 4
the HOC structure are marked as small white and black )biilis- Energy loss AE [meV]
trates the small modulation of the corrugation profile introduced by ]
the Xe overlayer. The periodicitP 4 of this pattern causes sharp ~ FIG. 4. Series of He-atom energy-loss spectra recorded for the
diffraction peaks in the He-atom angular distributiof®) Image of ~ €(26X2) Xe overlayer on Ci110 along theI'X direction at a
the reciprocal unit cell of the copper substrate and the quasihexag&ample temperature of 35 K. The lower curves show the(cits
nal Xe adlayer(see also the He diffraction pattern in Fig. 2C) and smoothedsolid line) data, respectively. The experimental data
Related Brillouin-zone scheme and high-symmetry directions of thdsingle points were smoothed using the Savitzky-Golay algorithm,
Xe adlayer and Ci10) substrate structure. assuming a theoretical resolution corresponding to 90% of the elas-

tic peak FWHM(at AE=0). The curves shown in the upper parts

) compare the smoothed spectreere: dots with curves(solid lineg
these peaks are directly related to the HOC adlayer structurgstained from a fit with Gaussian profiléaonlinear Levenberg-
as explained in the sketch of the real arghase scheme Mmarquardt routine with Lorentzian minimizatipn
plotted in Fig. 3. Whereas in tH@®01] direction the adlayer
is in perfect registry with every second row of the Cu sub- B. Phonon dispersion: Xe on C¢110[110]

strate, along th¢110] direction the Xe atoms form a high- Figure 4 shows a series of typical TOF spectra recorded
order commensurate structure with the unit cell size amount- —

ing to 26 times the Cu-Cu distanfgee the solid rectangle in 10" the ¢(26x2) Xe overlayer along th¢110] direction

the top view of the sketch shown in Fig®]. The resulting  (I'XcJlI'Kye) for different incident energiei; and angles of
quasihexagonal Xe structurolid parallelogram in Fig. Incidence®;. The TOF spectra have been converted from a
3(A)] is slightly compressed with respect to an ideal floatingflight time scale to an energy-transfer scale. Besides the dif-

two-dimensional2D) Xe overlayer. Perpendicular to the Cu [US€ €lastically scattered signabE=0), the spectrum is
troughs the Xe-Xe distance is reduced fromy, dominated by intense peaks located -a2.63 and —5.25

—4.36-4.40 A for the ideal layer thy,=4.23 A (Ref. 3. meV on the energy-gain and -loss sides, respectively. These

Parallel to the copper rows the equilibrium Xe-Xe distance i eaks are assigned to the excitation of collective Einstein-

slightly relaxed toay,—4.42 A, corresponding to a position ike vibrations of the Xe atoms polarized normal to the sur-
Xe™ . . faceS; and the corresponding first overto8e (Ref. 1. In
of the (1,0) Xe peak in the He diffraction scan at 2.84 A 1 ponding Ti vertoBe ( 7

: h I , addition to these strong peaks, a weak but distinct feature
[compare Fig. @)]. The small long-range corrugation re- |apajedl can be identified. This feature is located at smaller

sulting from the misfit between the Xe HOC layer and thegeq encies than the transverse m&jend reveals a strong
substrate is shown in the side viewolid line) of Fig. 3A).  yariation of the energy with angle of incidence. In analogy to
The large periodicity of this modulatiorDes=16.58 A,  the findings reported for the dynamics of Xe monolayers on
gives rise to the diffraction peak label&ly in the He dif-  the copper(001) and(111) surfaces, we assign this mode to
fraction pattern. For the schematic model depicted in Figthe longitudinally polarized adlayer vibratidi. The weak
3(A) we assume an on-top adsorption site of the Xe atoms ifeature markedR is assigned to the substrate Rayleigh wave
accordance with recent experimental results from low-energphonon. The weak feature aboNE=4.3 meV (labeledX)
electron diffraction studies of Xe on Cll1) and Kr on  present in some spectfiigs. 4A) and 4C)] is reminiscent
Cu(110 (Refs. 15 and 16 of the feature that was also observed in HAS from the
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FIG. 5. Phonon dispersion plot of the Xe monolayer in a 201
reduced-zone scheme for th&X direction. The dash-dotted line 15
marks the Rayleigh wavé€Ref. 6, whereas the solid line is the 10}
calculated_.-mode dispersion curve taken from Ref. 23. The dotted 5L

line corresponds to the dispersive curve of a Xe adlayer with the

radial force constant relaxed to 30% of the Xe bulk value and is 1 L 1 L :

assumed to be of sinusoidal shape. -6 4 -2 0 2 4
Energy loss AE [meV]

Xe(111) surfacé® and assigned to a two-phonon event in- _

volving two Rayleigh phonons with wave vectors corre- FIG. 6. Series of He-atom energy-loss spectra recorded for the
sponding to opposite edges of the first Brillouin zg&2°  €(26x2) Xe overlayer on Cii10 along thel'Y direction at a

In the present He-Xe/GU10) scattering system the mode sample temperature of 35 K using different kinematical conditions.
may play the role which the low-energy Rayleigh wave plays> M1ar 1 Fig. 4 the lower curves show the ratdots and

in HAS from the X&111) surface. However, in view of very Smoothedsolid) data. The upper curves show solid lines obtained
low L-mode excitation probabilities already for the wave using a fitting progedure assuming Gaussian line shapes on top of
vectors in the first half of the surface Brillouin zoh&hich points corresponding to the smoothed raw data.
;Segr(;ltstrl]gsgal?lfell; :EZHH;-f%rl]LS%S\}gm’n;hlﬁ) :asliszlggmnigg eéransfer are folded back into the first Brillouin zone. The Cu
associated with defects present on the Xe surfeteliscus- _subsFr_ate Rayleigh wav(adash-@tted . line can .be (_aasllly
sion in Sec. VI of Ref. 2 For theL andS modes a precise |dent|f|ec_i as well as the nearly dispersionless EinsteinSike
determination of the peak positions has been carried out by '51036 with 'ts‘. S‘TCO_?E harmgn?z Iocat.ed atf 263 an 525
fitting procedure using Gaussian line profilésonlinear mev, respectively. e_av0|Ae_l crossing of Beand Ray-
Levenberg-Marquardt routine with Lorentzian minimiza- leigh modes at gbo@—(}iz Cﬁ.”'ﬁl ngf‘ be rgsoIVﬁd. In
tion). The results of the fitting procedure are shown as solicﬁOntraSt to previous results3 new highly dispersive phonon
lines in the upper part of the spectra shown in Fige)4 ranch' labeled. is seen(dotted ling. The; intensity of this
4(C). Only peaks with intensities clearly above the noisemOde is found to strongly decrease with transferred wave
level were considered, and a Gaussian-shaped backgrou gctor so that data points could only be obtained for the first
was added for higher He atom incident enerdiésThe faint ~ half Of the copper surface Brillouin zone. As emphasized by
features enclosed in parentheses are located at the positiH?}e dotted line, along this d|rect|or1_tthemode shows no or
expected for Rayleigh- aridmode phonons, but were not— on_Iy_ avery small zone center gap: i.e., the cur\_/? tends to the
because of their small intensities—included in the fitting pro-Crgin of the dispersion plot§=0 meV, Q=0 A™%). From
cedure. Most of thé.-mode events are detected at He-atomtN€ data we obtain an upper limit for a possible phonon gap
incident energies below 18.6 meV in the single-phonon exOf 0.2 meV.

citation regime where the multiphonon background, compli-

cating the identification of the single-phonon peaks, is sig- C. Phonon dispersion: Xe on C§110[001]

nificantly reduced in intensity. A transition to the In Fia. 6 a tvpical series of spectra recorded for the Xe
multiphonon regime can be seen as a rising background ip| 9. yp pe .

the spectrum at the bottom of Fig.(Refs. 20 and 22 Fig- OC monolayer along the other hlgh—ﬁnmetr_yazmuth of
ure 5 shows a compilation of phonon peak positions exihe Cu surface, thg001] direction ["Yc,=I'Mxc), is
tracted from a large number of TOF measuremgntS00),  shown. Similar to the spectra along th#10] azimuth, a
recorded at various He-atom incident energies and inciderweak but distinct peak labelddcan be identified besides the
angles. In order to aid the analysis, all points are plotted in @lominant peaks of the transverse mdsieat +2.63 meV
reduced zone diagraffrig. 5), where energy and momentum (and its second harmoni§, at —5.25 me\j. The L mode
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FIG. 8. (A) He-atom energy-loss spectrum recorded for the
c(26x2) Xe overlayer on C110) at a sample temperature of 35 K
for an angle of incidence of 36° and at He-atom incident energy of
E;=18.2 meV. The inset shows a He-atom angular distribution re-
corded before the TOF measuremen(®) He-atom energy-loss
spectrum taken from Zeppenfetd al. (Ref. 7). The peak at-3.7
meV (arrow) is absent in the new data.
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FIG. 7. Phonon dispersion plot of the Xe monolayer in a
reduced-zone scheme for th&y direction. The dash-dotted line
corresponds to the Rayleigh-wave surface photRef. 6 of the
clean copper substrate. The dashed line is intended to serve as a
guide to the eye and indicates the dispersion ofltiraode. however, inconsistent with the previous reports on the obser-

vation of theL mode in this Xe monolayer, where rather
appears at smaller energies than the more int&jsmode, intense peakgexcitation probability comparable to tHs,
and the precise energy varies strongly with the angle of inmode were reported.
cidence: i.e., th&. mode exhibits significant dispersion. In  In order to resolve the discrepancy between our measure-
analogy to the situation for Xe on CLL1) (Ref. 2 and Xe ments and the results reported by Ramsegeal® and
on CU100 (Ref. 3 we assign this mode to the longitudi- Zeppenfeldet al,”'*we made several attempts to reproduce
nally polarized Xe vibration. Most of the observed weak fea-the pronounced peak at 3.75 meV seen in their TOF spectra
tures(labeledR enclosed in parenthegashich energetically by recording the data under identical kinematical conditions
coincide with the substrate Rayleigh phonon dispersiorii.e., ®;=36.0°, E;=18.8 meV). Prior to recording He-atom
curve are too weak to be explicitly included in the peakenergy-loss spectra, an angular distribution was recorded,
analysis. which is shown in the inset of Fig. 8 and which demonstrates

In Fig. 7 the results extracted from a total of 350 TOFthe presence of a high-quali(26x2) HOC phase. An an-
spectra are plotted in a reduced-zone scheme. A detailed igular distribution recorded after measuring the energy-loss
vestigation reveals a rather similar situation to that for thespectrum(not shown was practically identical. In Fig. 8 we

[110] high-symmetry azimuth discussed above, except thagompare a He-atom energy-loss spectrum recorded at an
only few peaks which could be assigned to the substrat@ngle of incidence of 36fcurve A) 7t0 the corresponding
Rayleigh wave were detected. The most significant differSPectrum reported by Zeppenfedtial.” (curveB). The posi-
ence is the fact that fo=0 theL mode extrapolates to a tiOns and intensities of the peaks a2.5 and+5.1 meV,
nonzero valuew, (0)=0.55+0.15 meV. A zone-center pho- single and double annihilations, and excitations of the trans-
non gap of similar size, 0.4 meV, was observed previoushY€'S€ S mode are in good agreement with the previous
for a commensuratevBxv3)R30° monolayers of Xe on results: Howeve7r, the important mode at 3.75 meV seen by
Cu(11D) (Ref. 2. Here it is also related to the fact that along Z&PPenfeldet al.” is missing in our data. We have recorded

this direction the Xe overlayer is commensurate with a rathefi€-a0m energy-loss spectra also at a number of different
small unit cell(see below. angles of incidence and also for Xe adlayers with different

(lower density structures, but in no case were we able to
observe the feature at around 3.75 meV. In order to resolve
this surprising inconsistency we have investigated the influ-
In the present work we observe that the He-atom energyence of coadsorbed CO on the structural and dynamical
loss peaks assigned to themode exhibit an intensity which properties of thec(26X2) phase. To this end we have ex-
is significantly smaller than that of tf®@mode, in agreement posed a clean, perfect X26x 2) adlayer to CO at a sur-
with previous work related to Xe monolayers adsorbed orface temperature of s=50 K by backfilling the chamber to
other two low-indexed Cu surfacés.Such a small excita- a pressure of %10 ¢ mbar for different amounts of time.
tion probability is also in accordance with theoretical resultsAs can be seen in the ins@) of Fig. 9, the influence of the
for the excitation probability of differently polarized adsor- coadsorbed CO molecules on the lateral structure is rather
bate vibrational modé%??and can be related to the fact that weak, and the angular distribution recorded after exposures
this mode exhibits a longitudinal polarization which couplesof 1.2 L (1 L=1x10"° mbars) is virtually identical to that
to the He atoms much weaker than the transvergeymal  for the perfectt(26X 2) overlayer. In Fig. 9 a TOF spectrum
to the surfacepolarizedS mode®?*The present results are, of the clean Xe surface is compared with spectra recorded

D. Adsorption of CO on the Xe&Cu surface
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FIG. 10. Comparison of the experimentalmode dispersion

© (\-c:;t (solid triangles for the CY110 surface with the corresponding re-
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sults for other low-index Cu surfaces, @) with a commensu-
rate Xe overlaye(squares and C{100 with an incommensurate
Xe adlayer adsorbe@thombs. The solid and dashed line are dis-
persion curves fitted to the phonon peak positions related to the
Xe/Cu11ll) and Xe/Cy100) systemgRefs. 3 and 3p

the transversely(normal to the surfage polarized S;
model®?
Before proceeding with the discussion of thenode, we

FIG. 9. Series of TOF spectra recorded at a He-atom incidenprief!y note that the present findings are in_consistent with the
energy ofE, = 18.8 meV and an incident angle 6 =36.0° (simi-  Previous report on7the dynamical proggertles of this surface
lar to the spectrum shown in Ref. Rfr a contamination-free Xe ~PY Zeppenfelcet al.” and Ramseyeet al™ In these works a
surface(A) and after coadsorption of 1.2(B) and 4.8 L(C) COat  Peak was seen in the experimental He-atom TOF spectra
a sample temperature of 50 K. The arrow marks the loss peak rehich carried about the same intensity as $enode. Such
lated to the excitation of the frustrated CO vibration parallel to the@ large excitation probability is inconsistent with the longi-
surface. Inset: influence of the CO adsorption on the Xe HOdudinal character of this mod&*In an attempt to reproduce
diffraction scans. the earlier data we recorded TOF spectra under the same

kinematical conditions as were used in the previous experi-
after CO exposures of 1.2 and 4.8 L. As can be seen in theents. These results, which have been published in a previ-
spectra(B) and (C), the adsorption of CO leads to the for- ous Commerf and which are compiled in Fig. 8, demon-
mation of a new energy-loss peak located\@&=3.7 meV  strate that we are able to reproduce all features of the
(labeled FEg). This energy is identical to that seen after CO spectrum(including theS; andS, modeg except the mode
adsorption on the clean CL10) surfacé* and, in accordance at 3.75 meV. Under the conditions of this spectrum the in-
with previous work* we assign this mode to the CO frus- tensity of theL mode should be at least about one order of

-10 -5 0 5
Energy loss AE [meV]

trated translation parallel to the QU0 surface. magnitude weaker than that of ti& mode: e.g., with the
signal-to-noise ratio in spectruB in Fig. 8 theL mode
IV. DISCUSSION would be hardly visible. Since we observe an intense mode

at 3.7 meV after coadsorption of CO, we assign the previ-

The structural properties reported here for the most stableusly observed mode at 3.75 meV to a CO-induced vibration
of the Xe overlayers on G@10 in the monolayer and sub- (see above and Ref. 25
monolayer regime, thes(26X2) phase, are in excellent As for the Xe monolayers on €i11) and Cy100), theL
agreement with the previously reported results bymode is significantly softer than expected from the Xe-Xe
Zeppenfeldet al'* and Ramseyeet al?® In contrast to the gas-phase potential. Although a full lattice dynamical analy-
previous work, however, the present results for the dynamisis has not been carried out for the present case, a compari-
cal properties demonstrate that the &(@6x 2) overlayer on  son of theL mode(see Fig. 1D dispersion for the G10)
Cu(110 exhibits a dispersive adsorbate vibrational mode asurface with that seen for €111 and C{100) indicates that
energies below th&, mode which shows significant disper- also in the present case the force constant that couples the
sion. The situation is thus similar to the case of the other tw@djacent Xe atoms is reduced to about 30% of the precise
low-indexed Cu surfaces, the/3xXv3)R30° Xe monolayer HFD-B2 gas-phase potential, which yields force-constant-
on Cu111) and the hexagonal incommensurate Xe adlayecoupling nearest-neighbor Xe atoms of BR™°
on CY100 (Refs. 2 and B Similar to the other two surfaces, =(3%/3°r)V(r)=1.67 Nm * (Ref. 26.
this longitudinal vibration exhibits a rather small excitation  One possible origin of the significant decrease of the ra-
probability in inelastic He-atom scattering. As has been disdial Xe-Xe force constant is an exchange-induced sidewise
cussed in connection with a detailed theoretical analysis, thidisplacement of the surface electron charge upon Xe phys-
fact can be related to the longitudinal character of this modeisorption, as discussed in Ref. 27. An investigation of the
which leads to a much weaker coupling than in the case of-mode dispersion curves for the @a0 surface is of spe-
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cial interest since this surface exhibits a twofold symmetrysymmetry selection rules. In the present case of af6
only. Along the[110] direction, the Xe adlayer structure is < 2) overlayer of Xe on C{110), the longitudinal and shear-
high-order commensurate, and as a result/theode energy ~horizontal modes can be uniquely distinguished by their en-
at the point (so-called zone-center phonon gdp very  ergy at thel” point. Along the[110] direction the longitu-
small. In the[001] direction, on the other hand, the unit cell dinal mode should exhibit no or only a very small zone-
is much smaller and a phonon gap is expected forlthe center gap, whereas the SH mode is expected to show a finite
mode, in analogy to the results presented previously for th¥alue. Along the/001] direction the situation is reversed. In
(V3xv3)R30° Xe overlayer on Cd11). Indeed, the experi- fact, at thel' point the SH mode alonf110] and the lon-
mental data reveal a gap at thepoint of 0.55-0.15 meV. gitudinal mode along001] are identical, as well as the SH
As has been shown previougfythis energy can be used to mode along001] and the longitudinal mode alorig. 10].
estimate the corrugation of the Xe-Cu potential energy surThe fact that we observe a small but finite zone-center pho-

faceV(r). Reduced to th€001] direction only, non gap for the. mode along th¢001] direction thus unam-
da(r-z0) (22 biguously supports our assignment of the weak, dispersive
V(y)=Eg(e 0'—2e o) mode to the longitudinal mode in the Xe adlayer.
+Uq[1—cogk,y)le « %), (&N
where Eg denotes the total Xe-Cu binding enerdy, the V. SUMMARY

activation barrier for diffusion, an#, the reciprocal lattice
vector. The parameter can be calculated from th&mode
energyws=Eg/f and the particle madsl according to

Spectra recorded for the Xe monolayer at low incident He
energies allow us to extract information on the longitudinal
Xe phonon dispersion curve. In the present high-resolution

_ 2 ~1/2 He-atom energy-loss study we have clearly observed a
a=[Mod/(2Es)] @ highly dispersive vibrational mode with energies below the
andU,, can be estimated from the zone-center gap energfirst excitation energy of the transverse Einstein-like Xe
w (0)=E_(0)/% via monolayer vibration in both high-symmetry directions of the
Cu(110 substrate. Along thg001] direction the experimen-

- 2712 —
Uoy=Mw (0)/ky. ®) tal data reveal an energy gap at tihe point of 0.55

Using the experimental value @b, (0)=0.55+0.15meV, *0.15meV, which allows us to unambiguously assign this
we obtain a total corrugation dfo,=3.1=0.8 meV. Note mode to the longitudinal mode*** The L mode of the Xe

that this experimental value is considerably sma(isout —monolayer on C(10) is significantly softer than expected

80%) than the theoretical result given by Dienwielslal., fr(_Jm the Xe-Xe gas-phase potential. The good agreement
which was obtained by a summation over pairwise Lennardwith the L-mode dispersion seen for Xe monolayers on
Jones potential® Cu(111) and Cy100 (Refs. 2 and Bindicates that in the

The observation of the mode along both high-symmetry present case, in contrast to the previous results reported for
directions is also relevant for an independent assignment ghe Xe/Cy110 system, the force constant between adjacent
the modes. The assignment of thenode to the longitudinal monolayer Xe atoms is reduced to about 30% of the gas-
mode in the Xe overlayer for Gl11) and CY100) has re- phase potential, which yields a force constant @ >
cently been challenged by Bruéhyho noted that the experi- = (3%/3%r)V(r)=1.67 Nm ! (Ref. 26. On the basis of the
mental energies coincide with that of the shear-horizontapresent results we can rule out that the mode at 3.75 meV
mode(SH modé of the Xe adlayer. Whereas for CiD0) the ~ observed by Ramseyet al>® and Zeppenfelet al®’ is an
situation is complicated by the fact that the Xe domains aréntrinsic feature of the Xe monolayer. A likely explanation is
rotated relative to the substrate by 3QRef. 30, for the the presence of a coadsorbed species, as we could show by
(V3 Xv3)R30° structure of Xe on Qi1l) a coupling of the coadsorption of CO on the high-ordered commensurate
He atoms to the SH mode can be excluded on the basis @f{26X2) Xe surface.
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