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Electronic excitations in alkali-metal overlayers. I. Unreconstructed
low-temperature phase of Li/Al
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The influence of interband transitions on collective excitations in adsorbed alkali-metal layers is investigated
for Li on Al in the unreconstructed low-temperature phase. The three-dimensional Li overlayer is described in
terms of nonlocal pseudopotentials while the Al substrate is treated within the jellium model. The finite-
frequency response appropriate for incident photons is calculated within the time-dependent density-functional
approach. In striking contrast to previous results for Na and K layers on Al, which reveal multipole surface and
bulklike overlayer plasmons, we find for Li overlayers only one dominant adsorbate-induced collective exci-
tation associated with the Li multipole surface plasmon. The bulklike Li overlayer plasmon is greatly sup-
pressed due to single-particle transitions induced by the Li lattice potential. The theoretical spectra compare
well with recent photoyield measurements for Li on(#l1). [S0163-182@8)10519-3

[. INTRODUCTION the spectral frequency and the average electron density of the
adsorbate are not simply related véa~+/47n. It is not
Electronic excitations in thin alkali-metal overlayers canmeaningful to speak of a well-defined overlayer surface plas-
be studied using a variety of techniques. A frequently em-mon. Near about one monolayer, the spectral feature rapidly
ployed method is electron energy-loss spectrosd¢&BLS),!  shifts to higher frequencies. Finally, for about two or more
which, in principle, allows one to map out tlog dispersion  monolayers, two collective modes appear: the bulklike over-
of the adsorbate-induced modes for a wide range of covellayer plasmon near the alkali-metal volume plasma fre-
ages (| denotes the two-dimensional wave numbeétow-  quency w,, and the multipole surface plasmon neay,
ever, as will be discussed in the subsequent section, the ir=0.8w,. The results of both experimental grofipsre in
terpretation of loss spectra afj~0 is nontrivial. On the excellent agreement with these predictions. In addition, the
other hand, photoyield or photoemission measurements adata show that for increasing overlayer thickness, the inten-
suited for studying the excitation spectra in the long-sity of the bulklike mode diminishes. This observation is
wavelength limit ¢;=0). In the past, such studies have beenconsistent with previous experimental and theoretical results
used mainly to investigate the nature of the occupied alkalifor yield spectra of semi-infinite alkali metals*3according
metal states, in particular, the quantum-well states formed oto which the photoemitted yield fap= w, is at a minimum.
noble metal substratésAdsorbate-induced excitations have The local-field enhancement associated with the multipole
also been detected as satellites in core-level photoemissigurface mode at,, then becomes the dominant electronic
spectra® Although these spectra reveal interesting shifts ofsurface excitation.
loss features due to temperature-induced structural rearrange- The physical reason for the appearance of two collective
ments, this technique provides no information ondhelis-  modes neaw, and wy, at a coverage of about two or more
persion of overlayer collective modes. Thus, in spite ofmonolayers is that the density in the overlayer is rather flat
nearly three decades of reseafcthe understanding of and the adsorbate interfaces are well separated. A bulklike
adsorbate-induced excitations is much less developed thgrlasma oscillation within the overlayer is then feasible. This
those on clean semi-infinite metals. mode is analogous to the antisymmetric collective mode of a
Very recently, this situation greatly improved when sur-finite slab. Moreover, the density profile at the adsorbate-
face photoyield measurements for K on Al by Kim, Plum- vacuum interface is nearly the same as on the semi-infinite
mer, and Liebschand for Na and K on Al by Barmaet al”  alkali-metal surface, so that the multipole surface plasmon
were carried out over a wide range of photon energies. Thedeecomes a well-defined excitation. In the case of Na and K
data fully confirmed theoretical predictions by Lieb%eimd  overlayers, lattice effects on the yield spectra are very weak.
Ishida and Liebsch based on the time-dependent local- Thus, the overlayer excitations can be well understood in
density approximatiofiTDLDA).1° Roughly three coverage terms of the jellium model for alkali-metal adsorptith.
regions exhibiting distinct excitation spectra can be identi- In sharp contrast to Na and K, Li overlayers on}Al1)
fied. In the submonolayer regime, the calculated spectra reeveal excitation spectra that differ qualitatively from the
veal only a broad feature associated with the so-callegredictions of the jellium modélAlthough in the submono-
threshold excitationi.e., when the photon energy approachesayer regime there is again evidence of the threshold excita-
the work function® of the system. In this coverage range tion, beyond two monolayers only one clear overlayer col-

0163-1829/98/5(19)/125508)/$15.00 57 12 550 © 1998 The American Physical Society



57 ELECTRONIC EXCITATIONS N... . I. ... 12 551

lective mode is observed near 5.2 eV. A second spectral Il. THEORY
feature appears as a weak shoulder on the high-frequency
side in the 6—8 eV range. Apart from the surprising relative o _
weights, the frequencies of these features differ greatly from We analyze the excitation spectra of adsorbed Li layers
the spectral peaks obtained in the equivalent jellium modelon Al in the long-wavelength limit. For convenience, the Al
Since the ionic pseudopotential of Li is much stronger tharpuPstrate is treated as jellium, since, in the range of Li exci-
that of Na and K, the spectral modifications suggest a Sig'gatlons, the substrate spectrum is very weak and featureless.

nificant coupling of the overlayer collective modes to Iattice-'a‘ccord'.ng tq Fglbelmaﬁ? the -power gbsorphon when
induced single-particle transitions. P-polarized light is shed on the surface is
In this paper we present a detailed analysis of band- »
structure effects on the electronic excitations of Li overlayers P(w)= 8—[6(w) —-1]
adsorbed on Al. The calculational method is fully three di- 4
mensional, and the Li ion cores are described using a norm- 1
conserving pseudopotentiglCoverages of two and three Li + m|DZ|2Im d, (w)
monolayers are considered, where the Li atoms may be ad-
sorbed either in thé110) or (001) geometry. The electronic wheree(w)=1-Q5/w? is the dielectric constant of the sub-
excitations are evaluated in the long-wavelength limit approstrate (2, is the plasma frequency of AlandE, (D) de-
priate for incident photons, using the TDLDA. notes thex (z) component of the electric fieldisplacement
The theoretical results indicate that the main Li adsorbatgectoy. We choose the axis as the surface normal pointing
excitation near 5.2 eV corresponds to the multipole surfacgward the vacuum, and the electric field lies in ¥zplane.
plasmon, while the high-frequency shoulder is associated (w) in Eq. (1) is defined as the centroid of;(r,w), the

with the bulklike Overlayer plasmon. ThUS, lattice effects Oncharge density induced by a uniform electric field perpen-
the multipole mode are much weaker than on the Li bulkgicular to the surface:

plasmon. This finding is rather unexpected since available

photoyield and electron energy-loss spectra on clean metal 1

surfaces suggest that the multipole surface plasmon is a frag- d (0)= WJ drzny(r,e), )

ile surface excitation readily weakened by interband transi-

tions. For instance, nearly-free-electron metals such as Navhere o(o)=[€(w)—1]/[e(w)+1] is the integrated in-

K, Cs, Al, and Mg show the multipole modé'>1¢1’0on  duced charge per unit area aBdtands for the surface area.

the other hand, metals exhibiting substantial lattice effectdm d, (w) can also be expressed using the golden-rule for-

such as Lit’ Ag,'® and Hg(Ref. 19 do not reveal any clear mula a

evidence of it. Thus, large pseudopotentials, occupied

bands, or shallow core levels appear to annihilate this surface |, d, (w)= 1

excitation. The present results demonstrate instead that the Li 20(w)[o(w)+1]

multipole mode exists in spite of strong lattice effects. Sur-

prisingly, the overlayer bulklike plasmon is nearly sup- XY, 8(ej— e—ha)| pa(r, )| ),

pressed due to interference with interband transitions. The i

origin of this behavior is connected with the location of the @)

fluctuating charge densities. Since the multipole mode is

confined to the overlayer-vacuum interface, it is largely dewherey; and ¢; denote one-electron wave functions of the

coupled from interband transitions. In contrast, the bulklikeoccupied and unoccupied states, respectively, and the initial-

mode corresponds to a standing wave that extends across thi@te energy; should be in the intervdler —fiw,eg] (e is

entire overlayer. It is therefore fully exposed to the latticethe Fermi energy This equation indicates that Ith () is

potential. Our results show that, even at a coverage of onlproportional to the transition rate for creating electron-hole

two monolayers, this mode has nearly the same frequendgair excitations with energi when a uniform electric field

and width as the volume plasmon of bulk®iThe TDLDA perpendicular to the surface is applied. The collective modes

spectra for three-dimensional Li overlayers are in qualitativenanifest themselves as an enhancement of the self-consistent

agreement with the measured yield data. A one-dimensiondield ¢,(r,w). Electrons excited above the vacuum level are

adsorbate potential that neglects the lattice structure parall@iartly emitted in the vacuum and detected in photoyield mea-

to the surface is shown to underestimate the effect of singlesurements. There also exists the internal channel where ex-

particle transitions on the Li overlayer excitations. cited electrons propagate toward the interior of the metal
The outline of this paper is as follows. In Sec. II, we first until they are deexcited. The summation over the final state

discuss the relationship between theoretical response fungy in Eq. (3) includes both the internal and external excita-

tions and measured photoyield spectra. Then, we descrili®n channels. Fortunately, these channels differ mainly in

the chemisorption model for Li/Al and the computational their intensities but not in the peak positidig3 Thus, al-

procedure for calculating the dynamical response propertieiough Imd, (w) cannot be used for quantitative analyses of

within the TDLDA. Section Il discusses the theoretical re-the measured photoyield spectra, it may suffice for qualita-

sults and the comparison with the experimental spectra. Aively understanding the observed features.

summary is given in Sec. IV. Atomic units are used through- Electron-hole pair excitations are also created by the par-

out unless noted otherwise. A preliminary account of theallel components of the electric field and the electrons thus

present work is given in Ref. 7. excited contribute to photoyield intensitieg(w) in Eq. (1)

A. Surface response functions

|EJ?Im dj()
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is defined as the centroid of tieederivative of the current l ! l ’ | PR
density induced by a uniform electric field parallel to the ‘ )
surface. At smally, Im d|(w) diverges as 1 and the coef-
ficient of this divergence is related to the surface resistivity,
i.e., the energy dissipation via single-particle excitations
when the current flows parallel to the surfdcEor a flat
jellium surface, Imd|(w) vanishes identically. Ind;(w) be-
comes finite when conduction electrons incident on the sur-
face from the interior of the metal are scattered off specularly
due to potential corrugations in the surface pl&hBor Na
and K layers with weak pseudopotentials, dijfw) was
found to be negligibl&.For Li, Im dj(w) is expected to be
larger because of the stronger lattice effects.

In the present work we focus on the surface excitations w (V)
accessible to incident photons, i.e., those with vanishing par-
allel momentum transfergg=0). In this limit, EELS spectra _ FIG. 1. (@) Calculated TDLDA excitation spectrum Ith ()
are determined by the classical loss functionda), which for c=2 L|(11Q on ngllum gubstrate corresponding to Al. Solid
vanishes except at the monopole surface plasmon frequen&yrve. three-dimensional Li layer; dotted curve, spectrum for
of Al Qs:Qp/\/i- Imd, () and Ide(w) containing the equivalent Jelllum_ overlayer. The frequency of the Li multipole
information on the overlayer modes appear as a correction o%‘urface plasmon &y ~5.2 eV, that of the bulk plasmom,=6.7
the order qu” to the classical EELS loss functioh As gV. The corresponding jelllgm values are 6.3 gnd 8.4 eV, respec-
discussed in Refs. 6 and 8, the principal overlayer mode Wittlvely' (b) Measured photoyield spectrum for Li on (ALD) for ¢
frequencyw,,~0.8w, atq;=0 disperses downward with in-
creasingqg) and approaches the monopole surface plasmofyy g(), except that we now incorporate the partial-core

dispersion of the semi-infinite alkali metals(q)), at around  correction to the exchange-correlation poteffiabth in the
q;=1/(ca) (c is the number of Li layers and is the lattice ground state and response calculations.

spacing between neighboring Li laygrBecause of the finite
detector aperture, and the vanishing spectral weight of this;;; resuLTS AND COMPARISON WITH EXPERIMENT
mode atq =0, the observed EELS peak then consists of a
superposition of both multipole and monopole contributions. Figure Xa) shows the calculated surface excitation spec-
Thus, the relation between photoyield and loss spectra isum Imd, (w) for two Li(110) layers on a jellium substrate
highly nontrivial. In particular, as a result of the nonanalytic, (r=2.07) corresponding to Al. Also shown is the analogous
negative dispersion of the overlayer modes ngar 0, the  spectrum for the equivalent jellium overlayer of Lig(
spectral peaks observed in EELS are redshifted by severat 3.25). In this model a similar double-peak spectrum is
tenths of an eV compared to the modes seen in yield spectréound as for Na and K on Al® a bulklike overlayer plasmon
It is therefore, in principle, impossible using EELS to detectnear 8.4 eV and a multipole surface plasmon near 6.3 eV.
the true frequencies of overlayer modes in tfje=0 limit. The comparison with the results for the three-dimensional Li
overlayer indicates that the Li potential lowers the frequen-
cies of both modes by about 1 eV: the multipole mode now
appears atv,,~5.2 eV while the bulklike excitation is cen-
As stated above, the Al substrate is treated as semi-infinitgyred roughly ato,~7 eV. In addition, the Li potential gives
jellium in our chemisorption model. On the other hand, therise to new single-particle transitions which predominantly
adsorbed Li layers are described fully three dimensionallyyrgaden the overlayer volume plasmon. In Fifp)ve give
using a norm-conserving pseudopotential in the Kleinmany,e measured photoyield spectrum éo¢ 2 Li on Al(111) in
Bylander form'® The ground-state electronic structure of the the unreconstructed low-temperature phase.
system |sz5determ|ned within the embedding scheme of The comparison of the calculated Li spectra with experi-
Inglesfield™ Thus, the asymptotic regions of the semi- ment suggests that the lattice effects on the overlayer excita-
infinite substrate and vacuum are handled via complex scaions are significant and that they are qualitatively described
tering potentials. To examine the sensitivity of the Li exci- wjthin the TDLDA, provided the three-dimensional nature of
tations to the structure of the underlying lattice, we considegne electronic structure is taken into account. Evidently, the
the (110 as well as(001) adsorption geometries. The dis- je|lium model for Li overlayers is inappropriate. As illus-
tance between Li planes is assumed to be the same as in tfigted in Fig. 2, a one-dimensional overlayer model that in-
bulk (a110=2.47 A, a90;=1.75 A). The positiord of the first  ¢Judes the corrugation normal to the surface but not within
Li plane above the substrate jellium edge is determined byhe atomic planes is also insufficient. In this case, the Li
minimizing the total energy. We findlyo=1.64 A and potential is replaced via a sinusoidal potential of the form
d001: 1.48 A The electronic excitations are evaluated in thev(z) :Uo[l_COS(ZTZ/a)], wherea is the Spacing between
long-wavelength limit ¢;=0) appropriate for incident pho- | j(110) planes. The constant,=2.8 eV corresponds to the
tons, using the TDLDA? We determine the linear response (110) component of the Li bulk potentid??° Sincev, is
of the system to a uniform ac electric field oriented normal agositive, the potential reaches a maximum at the lattice
well as parallel to the surface. The computational method iplanes. The surface and interface potential barriers are de-
described in detail in Ref. 9 as foh (w) and in Ref. 26 as rived from a jellium overlayer LDA calculation. Figure 2

[N
o

Im d (@) (a.u.)

Photoyield

B. Calculational method
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FIG. 2. Calculated TDLDA excitation spec-
trum Imd, (w) for c=2 Li(110 on jellium sub-
strate corresponding to Al. Solid curve, one-
dimensional Li layer o= 2.8 e\); dashed curve,
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demonstrates that this one-dimensional model for Li greathnear the adsorbate-vacuum interface. Only weak Friedel os-
underestimates the lattice effects. In particular, the bulklikecillations extend towards the adsorbate-substrate interface.
overlayer plasmon is too sharp. The comparison with thélhus, this mode couples less well to the lattice than the bulk-
three-dimensional results shown in Fig. 1 suggests that thike plasmon, so that decay via interband excitations is ac-
single-particle transitions associated with the lateral corrugaeordingly weaker. In principle, one should be able to detect
tion of the Li potential contribute appreciably to the observedthis mode also in photoyield spectra on semi-infinite Li. In
position and width of this mode. In fact, as the data show, fothe electron energy-loss ddtathe multipole plasmon should
c=2 the frequency and width are similar to those in bulk Li also exist, but it seems to be hidden in the tail of the intense
[wp,=6.7 eV,I';=2.5 eV (Ref. 20]. and rather broad monopole peak.

Although the identification of the main peak observed in We note here that both overlayer modes represent surface
the Li spectra is by no means obvious, the sequence of caéxcitations of the adsorbate/substrate system. Moreover, both
culated overlayer spectra reveals a clear evolution: As wenodes couple to electron-hole pairs generated near the ad-
proceed from the jellium model to the one-dimensional cor-sorbate interfaces and via the lattice. This coupling differs
rugated potential and finally to the realistic three-because of the different spatial distributions of the fluctuat-
dimensional Li potential, it is rather easy to track the multi-ing densities. The multipole character of the lower mode is
pole and bulklike Li modes. Both excitations gradually shift partly obscured by the Friedel oscillations and by the exter-
down, but the upper bulklike plasmon is significantly morenally driven nature of the response. It would be interesting to
broadened than the lower multipole surface plasmon. On thperform calculations at complex frequencies to determine the
basis of this pattern found in the TDLDA calculations, we spatial characteristics of the true eigenmodes.
are confident that our peak assignment is indeed correct.

As pointed out in the Introduction, available surface exci-

I I T I

tation spectra indicated that the multipole plasmon is a frag- /A
ile surface mode easily suppressed by strong potentials. In
particular, previous electron energy loss data ofR&f. 17 wp

provided no evidence for this surface excitation. On the other B
hand, the frequency of the usual monopole surface plasmon->
was found to be about 25% lower than the value for the 3
equivalent homogeneous electron gas. Also, the dispersion< L - -
with gy is very much flatter than predicted by the jellium
model. It is therefore surprising that the theoretical and ex- .
perimental yield spectra shown in Fig. 1 are dominated by
the Li multipole mode while the bulklike overlayer plasmon
is much weaker.
To explain this behavior we show in Fig. 3 the fluctuating

charge densities neav,,~5.2 eV andw,~6.7 eV. Evi- z (%)

dentl_y, the bulklike mode corresponds to a _standmg wave F|G, 3. Laterally averaged fluctuating charge densifyz, o)

that is fully exposed to the overlayer potential. In fact, as(real pari for two Li(110) layers on Al. Upper curve, standing wave
pointed out above, the single-particle transitions created byssociated with bulklike overlayer plasmon; lower curve, multipole
only two Li layers make both the frequency and width of thissurface plasmon. The dots denote the positions of the Li atomic
mode surprisingly similar to those of the Li volume plasmon.planes. The overlayer is located roughly in the registzg< 10 a.u.
The multipole charge, on the other hand, has its main weighthe substrate occupies the half-spas0.

Re n,
[}
2
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FIG. 4. Calculated TDLDA excitation spec-
trum Imd, (w) for three-dimensional I(110) on
jellium substrate corresponding to Al. Solid
curve,c=2; dashed curve;=3.
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According to the experimental results given is Ref. 7, theers in the experiment revealed no clear LEED pattern, it is
yield spectra for Li overlayers on Al change only gradually likely that a mixture 0f(001) and(110) overlayer geometries
with increasing coverage. Far>2, the Li multipole mode contributes to the measured yield spectra.
near 5.2 eV remains the dominant spectral feature. The In order to ascertain the sensitivity of the calculated Li
shoulder in the 6-8 eV range first becomes slightly strongegpectra to the dynamical correlations included in the TDLDA
and beyond about 5 ML its intensity steadily diminishes.treatment, we have also performed response calculations
This behavior is consistent with theoretical expectationsyjthin the random-phase approximatiRPA). The ground-
since the absorption cross section sza semi-infinite metal igtate electronic properties are described using the LDA, but
approximately proportlonallsto (2o’ wy) Imd, (), i€, it the exchange-correlation contributions to the induced com-
reaches a minimum ab,.™ In order to verify that the Li  pjex potential are neglected. Figure 7 shows the comparison
excitations discussed above for2 also hold for tr_ucker of the spectra foc=2 Li(110) and Li001) on Al with the
overlayers, we have performed TDLDA calculations for . esnonding TDLDA results. Since exchange-correlation
three L(l_lO) Iayers_ on_AI. The comparison with the re;ults terms tend to reduce the strength of the bare Coulomb inter-
for c=2 is shown in Fig. 4. Although there are appremableaction, the main effect of the RPA is a shift of spectral

char)ges in detail, the overa_ll picture re_mains the same: Tr\%eight towards higher frequencies. At the same time, the
multipole surface plasmon is the dominant feature and th(ﬁuctuating multipole charge is pushed slightly inwards, en-

bulklike Li mode i h broad dl i . . . . : )
ode is much broader and less intense. Eor hancing the overlap with the Li lattice potential. For the

=3 the spectral peaks are slightly sharper thander2, L
presumably, because the modes are spatially better decogtlo? geometry, the_se effects lead to a strong mixing of the
ultipole and bulklike overlayer modes, so that the peak

pled and therefore less broadened due to mutual interferenc! ) ) : )
Figure 5 shows the induced density fo=3 Li(110) on  N€arom disappears, in conflict with the data. For @91

Al. As for c=2, the multipole mode has most of its weight 9€ometry, the bulklike mode is weaker, so that the multipole
concentrated close to the adsorbate-vacuum interface with€@K remains visible. However, it is now shifted to about 5.6
Friedel oscillations extending farther inside. The bulklike &V: i-€., about 0.4 eV higher than observed experimentally.
plasmon, on the other hand, has pronounced standing-wa\)’ge <_:onc|ude fro_m this comparison that t_he _dynam|cal cor-
character across the entire overlayer. These results furth&glations governing the Li overlayer excitations are better
support our picture that the multipole mode couples less t§l€scribed within the TDLDA than in the RPA.

single-particle transitions generated by the lattice potential Before closing this section, we discuss the surface excita-
than the bulklike mode. tion spectrum induced by a uniform electric field parallel to

In the experiments, the atomic structure of the chemithe surface. Figure 8 shows the calculateddjifw) for two
sorbed Li layers is not well known. To estimate the effect ofl (110 layers on a jellium substrate{=2.07). Thexx and
different adsorption geometries on the excitation spectra, w¥Y components are associated with the applied field oriented
have also carried out calculations for thg@01) geometry in the [110] and[001] directions, respectively. Due to the
(Fig. 6). The TDLDA results for this structure reveal a interband transitions induced by the large Li pseudopotential,
slightly larger damping of the Li bulklike mode than for the calculated Int;(w) is enhanced by one order of magni-
(110. This is plausible since the interplanar spacing and distude as compared with that for the Na overlayers on the same
tance from the jellium edge are shorter. Thus @@l) over-  jellium substraté.Nevertheless, it is rather featureless in the
layer is more compact, implying stronger decay of the bulk-energy range of Li excitations, and still one order of magni-
like mode at the boundaries. On the other hand, the shape tiide weaker than the absorption due to the many-body
the multipole peak is similar for both geometries because iscreening processes associated with the normal component
is less affected by the lattice potential. Since the Li overlay-of the electric field. Thus, we can conclude that the main
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FIG. 5. Laterally averaged fluctuating charge densityz, ) for three L(110) layers on Al. Upper curves, standing wave associated
with bulklike overlayer plasmon; lower curves, multipole surface plasmon. Solid lines, real part; dashed lines, imaginary part. The dots
denote the positions of the Li atomic planes. The overlayer is located roughly in the regips I6 a.u. The substrate occupies the

half-spacez<0.
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FIG. 6. Calculated TDLDA excitation spectrum kin (w) for three-dimensional Li layers on jellium substrate corresponding ta Al.
=2. Solid curve, L{110); dashed curve, (001).
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3 FIG. 8. Calculated TDLDA excitation spectrum k(o) for
5 c=2 Li(110 on jellium substrate corresponding to Al. The
E (solid line) andyy (dashed linecomponents are associated with the
applied field oriented in th¢110] and [001] directions, respec-
tively.
°, ' g ‘ ; ' . as a weak shoulder on the high-frequency side of the multi-
pole peak. We conclude therefore that, despite the strong Li
o (eV) potential, the multipole surface plasmon is a well-defined

collective excitation. In electron energy-loss spettiawas
FIG. 7. Calculated TDLDA excitation spectrum ki (w) for  not possible to detect this mode since it is hidden in the tail
three-dimensional Li layers on At=2. (a) (110 geometry,(b)  of the monopole surface plasmon. The multipole mode
(001) geometry. Solid curves, TDLDA; dashed curves, RPA re-should, however, be observable in photoyield spectra of
sponse. single-crystal L{110) and Li(001) surfaces.
] ) ) In the present work we have focused on the excitations in
peak observed in the recent photoyield experithemises | j adlayers adsorbed on Al at low temperatures. Thus, sur-

from the Li multipole surface plasmon. face reconstruction and substitutional adsorption is avoided.
Li/Al photoyield data taken at room temperature instead
IV. SUMMARY show that the Li-induced spectral weight is greatly

: . _diminished® Similar effects are observed in yield spectra
We have performed a detailed analysis of the electroniG,. \ja and K on A as well as in EELS data for K and Cs

excitati_ons_ in Li Iayers gdsorbed_ on Al. Be_ca_luse of theon Al (Ref. 1) and K on Al? The influence of substitutional
strong ionic potential of Li, the jellium model is inadequate

. . . - adsorption on the collective modes of alkali overlayers is the
and a fully three-dimensional dynamical response calculatio

must be carried out. Far=2, only one main Li collective @oplc of the second paper of this seris.
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