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Observation of structure changes for Li/Cu111) by photoemission from Li core
and quantum-well states
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Via photoemission from discrete quantum-well valence states and the ¢ork level, three different types
of atom rearrangements are observed fof1Qd)/Li. In the monolayer coverage range gradual energy shifts
for the core-level as well as a quantum-well state reflect a gradual lateral compression of the Li overlayer as
more atoms are adsorbed. The onset of Li substitution and formation ox&) &tructure when, at RT,
monolayer Li coverage is exceeded, is monitored via the disappearance and appearance of quantum-well states
characteristic of the adsorbed full monolayer of Li and the part substitutionaR{Zstructure, respectively. A
splitting of the Li 1s emission peak into a doublet reflects the two different Li sites characteristic of the
(2% 2) phase. A small energy shift of the quantum-well staf& me\) indicates that, if it is cooled170 K),
the substitutional structure is unstable with respect to Li adsorpt®0163-182608)01619-1

[. INTRODUCTION into a doublet indicating the existence of two different Li
sites. Here we will consider mainlfp) and (c), but for the
In a thin metal film on a metal substrate valence electrongliscussion of(b) we will use the results obtained for the
may be confined to the overlayer and form as discreténonolayer stat¢a). Observations similar t¢a) and(d) have
quantum-well-like state€@@QWS'’s).1 This can happen if the Previously been made for Na-covered (Cia).°
substrate has a band gap since, within the gap, states may
extend only with an oscillating tail on the substrate side of Il. EXPERIMENT

the metal/metal interface. Even for energies outside band Th t hot o i | ved and
gaps the interface reflectivity may be sufficient to give reso- € present pnotoemission spectra are ang'e resolved an

. . ecorded, usingp-polarized light, along the surface normal
nant qgantum-we,ll-hke states  with a modest energ}{)f a CU111) crystal kept at RT or 170 K and covered with
spread” If DQWS'’s are found at energies near the Fermi gitterent amounts of Li. Three different experimental sys-
level, photoemission lines are narrow for a well-orderediems are used, two of which are connected to beam lines at
sample due to the long hole lifetime, and the temperatureghe pMAX Synchrotron Radiation Laboratory in Luri@we-
dependent width of the Lorentzian line obtained is given byderj Of the spectra presented in this paper, those recorded
the electron-phonon scattering rt8.Narrow lines are ob- using a photon energy of 6 eV are obtained at the uv beam
viously advantageous for observing small changes of energihe (BL 52) that is equipped with a normal incidence mono-
and linewidth associated with a reordering of all or some ofchromator and the spectra recorded using 70- and 100-eV
the atoms supporting a DQWS. In the present work DQWS’photons are measured at the toroidal-grating monochromator
are observed near the Fermi energy fo{Xl)/Li. Viathese beam line (BL 41). The third system used is a high-
states we observe four different types of atom rearrangeresolution spectrometefs meV, Leybold Heraeus, EL22
ments for the system, namelig) a gradual lateral compres- with a 1-mW He-Cd laseri(r=23.82 eV) as a light source.
sion of the monolayefML ) as more Li atoms are accommo- As described in Ref. 5 the laser gives sufficient intensity to
dated, (b) the structure change reported recently by low-probe sparsely populated states in a small but often interest-
energy electron diffraction(LEED) to a part substitutional ing range of energies abo&: .

(2% 2) structure obtained when the sample is held at RT and The alkali metal is deposited at a rate of around 0.01
full monolayer coverage is exceedéd) a reordering of the A/sec in good UHV(low, 10 °-torr range by heating a
(2% 2) structure upon deposition on a cooled sample of evehi-filled Mo crucible, which is mounted inside water-cooled
small amounts of Li, an@d) an increase of the mean area for walls of a separate vacuum chamber connected to the main
monolayer high islands of Li atoms on top of the first full Li experimental chamber via straight-through valves such that
layer as the second layer coverage increases. the evaporation source may be mounted on either of the three

A difference in character betwediv) and (c) is that it  spectrometers utilized. The source is kept at a constant tem-
takes a long timéhalf an houy for the substitutional phase perature during an experimental run and the coverage is ob-
to form while no time delay is observed f@r), which means tained from the evaporation time, using as a reference the
that it is complete in less than 1 min after a Li deposit.time required to form one full atomic layer of Li. We assume
Observations(a)—(d) are all revealed via energy shifts or that the saturation of the shift of a DQWS characteristic of
characteristic energies of DQWS’s near the Fermi level. Théhe monolayer marks the completion of this laydhe cov-
structure change®) and(b) are observed also via core-level erage values given below are thus based on the assumption
photoemission. When monolayer coverage is exceeded suthat the sticking coefficient is independent of the Li cover-
that the (2x2) structure is formed, the Lislpeak is split age.
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FIG. 1. Photoelectron-energy spectra recorded along the surface FIG. 2. Energy relative to the Fermi level vs Li coverage for a
normal of C4111) held at 170 K and covered with 1, 3, 4, and 5 DQWS characteristic of Q@11)/Li in the monolayer coverage
atomic layers of Li. The peaks, B, C, andD are due to discrete range for a cooled sampl@70 K).
guantum-well states while the peaks-at.2 and—2.2 eV are due
to the substrate. et al.” From a dynamical LEED analysis they concluded that

this structure is partly substitutional withof the Li atoms

No significant degradation of spectra is noted during aeplacing; of the Cu atoms in the uppermost substrate layer.
typical experimental run, which shows that contamination isOn top of the mixed Cu/Li layer the remainirigof the Li
not important for the results presented below. For more deatoms were found to form a honeycomb arrangement with
tails regarding the uptake from the ambient during measurezach hexagonal cell centered above a substitutional site. The
ment we refer to a recent report on the contaminationamount of Li required to form this (2 2)-3Li structure cor-
induced changes of vibrational electron-energy-loss specti@sponds to around 1.15 ML. The LEED pattern in Fig)3

recorded for C(L11)/Li.® shows a weak doublet inside each of the six more intense
spots due to thél0) beams from the substrate. This doublet
. RESULTS is observed o_nly for coverlazges cIose. to a full monc_)Iayer and
_ may, as for Li on R(D00J),™“ be explained by a realignment
A. Li on cooled Cu(11)) of the incommensurate hexagonal overlayer structure away

Li evaporated onto a cooledl70 K) Cu(11l) crystal from the substrate orientation QUring the final cpmpression of
grows layer by atomic layer in the thickness range studiedhe monolayer. In our case this misalignment is 4° at a cov-
(<5 ML). This is demonstrated by the uv photoelectron en-erage of 1 ML.
ergy spectra in Fig. 1. These spectra show emission peaks
due to the Cu @ ands,p bands(at —2.2 and—1.2 eV, 1. Core-level shifts
respectively and peakslabeledA—D) due to DQWS's with The sensitivity of core-level binding energies to the local
k,=0, formed at energies within the 5-eV-wide Cu band gapsrrounding makes photoemission from the ki state suit-
at theL symmetry point of the Brillouin Zone. This gap gaple to test if the configuration proposed for the observed
extends 0.8 eV below the Fermi enerdye).” The DQWS (5% 2) pattern is plausible. In Fig. 4 are shown photoemis-
energies are as expected from estimates made for a Li filngyp, spectra, recorded =100 eV, probing the Li & core
growing layer by layer. For this one may use the phase congiate at full monolayer coveragé ML) and at a coverage of

dition that the phase change is a multiple of @r an elec- 1 > ML when the (% 2) structure has formed. In the 1-ML
tron making a return trip in the overlayer between the

vacuum barrier and the overlayer/substrate interfd@&Of )
interest for the discussion below and in particular for the Cu(111) + Ui, RT

state characteristic of the monolayer coverage rdpgakA 1 ML 1.15 ML
in Fig. 1) is that the energy shifts gradually with Li coverage )

until saturation is reached &g— 135 meV (Fig. 2). The

downshift, measured with the high-resolution spectrometer

and shown in Fig. 2, is similar to that previously observed

for Na adsorbed on Gu11).°

B. Li on Cu(11) at RT

At RT no more than one full monolayer of Li may be (a) (b)
adsorbed on Qu1J). If more Li is deposited, the hexagonal
close-packed overlayer structure, indicated by the LEED pat- FIG. 3. Sketches of LEED patterns from @a1) held at RT
tern for 1 ML sketched in Fig. @) is replaced by a (22)  and covered with 1 ML(@&) and 1.15 ML(b) of Li. The electron
structure [Fig. 3(b)] as was first observed by Mizuno energy is 68 eV.
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FIG. 4. Photoelectron energy spectra recorded in the ¢i 1

binding-energy range d&tv=100 eV and along the surface normal

of Cu(111) held at RT and covered with 1 ML and 1.2 ML of Li.
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For the labeling of peaks we refer to the text. 115 s
85 s

spectrum a single emission peak)(is seen at a binding 65 s

energy of 55.5 eV. As the (22) structure forms, this peak

splits into a doublet with a peak) at a slightly higher 45 s

binding energy(0.05 eV} than that ofE and a shoulder®) 30 s

on the low-binding-energy side. The shoulder is shifted

downwards in binding energy by 1 eV relative to pdak 15 s
In Fig. 5 are shown corresponding photoemission spectra

for a number of submonolayer coverages. The kifeak L ! ! ! 0s

shifts to lower binding energy in a continuous manner as the 58 57 56 55 54 53

coverage is increased without any abrupt changes in line- BINDING ENERGY (eV)

width or intensity. If the ¥ binding energies are plotted

versus coverage, one notes that the energy shift is small at FIG. 5. Photoelectron-energy spectra from(Til) at RT re-

coverages below 0.2 MLFig. 6). The total shift for the corded as those in Fig. 4 for a number of different submonolayer

submonolayer coverage range prob@07-1 ML) is ap- coverages of Li. The exposures are i_ndicated by the evaporation
proximately 0.6 eV. times in seconds by the spectra, of which the uppermost one corre-

sponds to deposition of a full monolayer.

2. Valence states . .
more, the structure change is slow enough that it can be

For submonolayer coverages, the high-resolution photomonitored via the replacement, with time, of the state 110
emission results obtained at RT are similar to those obtaineghev pelowEy with the state 100 meV abovg: .

at 170 K with the difference that the DQWS at RT saturates |f, at RT, saturation coverage has been reached and an-

at an initial-state energy dfr—110 meV, which is 25 meV  other 15% of Li is deposited, the emission from the DQWS
higher than for the cooled sample. Temperature cyclingharacteristic of 1 ML(see peald in Fig. 8) decays gradu-

shows that the energy is not reversibly dependent on temy)ly with time after the deposit and is replaced by emission
perature. Upon cooling from RT to 170 K the energy remains

nearly constant but if a full monolayer is deposited at 170 K

and the sample then is allowed to reach RT, the initial energy 55.4 LS

shifts upwards by around 25 meV. + +
With standard resolution the main spectral changes in- +

duced by the adsorption-substitution structure change are < 5.6 + +

that the energy distributions get wider by 0.3 eV and thatthe 3 + 0

peak neaE becomes strongly reducéBig. 7). The 0.3-eV 2 558 1ML

work-function reduction is consistent with a reduced-Li cov- & +

erage in the topmost layer. Between half- and full-monolayer £ 56.0 +

coverages¢ increases by approximately 0.6 €Ref. 8 and % + + +

the value for the (X 2) structure is obtained at 75% of the 56.2} +

RT saturation coverage. While the presence of a small peak

near the Fermi edge after the structure change might suggest 5.4

that the structure change is incomplete, spectra recorded with 0 50 ANORATION T (SEC) 200 250
high-energy resolution using the laser light source show that |

the weak peak near the Fermi edge is due to a weakly popu- FIG. 6. Binding energy of the Li 4 state vs Li coverage on
lated state 100 meV above: (peakH in Fig. 8). Further-  Cu(111) at RT obtained from the spectra in Fig. 5.
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FIG. 7. Photoelectron energy spectra recorded at 6 eV photon FIG. 9. Decay of the emission mtensny_due 0 t_he L ML DQWS
energy along the surface normal for @) covered with a full plotted vs time after an increase of the Li deposﬂ from 1 to 1..15
monolayer of Li and for the part substitutional X2) structure ML. The full drawn curve shows an exponential decay with 8-min

obtained when Li monolayer coverage is exceeded by 15%. time constant.

from a state aE-+ 100 meV(peakH in Fig. 8. This peak is Measurements. A different crystal was used in the synchro-
observed in raw spectra as a weak shoulder at the Fernifion radiation laboratory and for this the structure change
edge. To compensate for the reduced occupancy of stat¥§2S complete in around 10 min. Both crystals have under-
aboveE. , the energy distributions in Fig. 8 are the recordeddOne the same treatment: electropolishing and Ar-ion bom-
spectra multiplied by  ex(E—Ep)/KT], i.e., the inverse of bardment(1 wA, 600 eV) followed by heating to around

the Fermi-Dirac factor. We associate pedkwith a DQWS 450 °C. Since also the vacuum 'con(_jitior)s are .§imilar, 'it
characteristic of the (22) structure, Spectra recorded at would appear that the transformatlon time is sensitive to dif-
higher photon energy reveal no additional DQWS's. Judge&erences in surface quality that are small and out of our con-
by the time dependence of the emission intensity from thdrol. _ o
1-ML DQWS, the reordering is complete within around half In Fig. 10 are shown photoemission spectra recorded us-
an hour after the Li deposiFig. 9. The full drawn curve in N 70-eV photons fo(a) a clean Ctl11) surface,(b) full

Fig. 9 shows an exponential decay with a time constant of 8
min. The half hour required to complete the structure change

: -, . ; 111) + Li
is characteristic of the crystal used for the high-resolution cu(tit) + Li
hv =70 eV
RT
Cu(111) + Li |
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FIG. 8. Electron-energy spectra obtained after multiplication of
photoelectron energy spectra by- &xd (E—Eg)/kT] to compensate
for the reduced occupancy for states n&ar. The sample is a
Cu(111) crystal held at RT and covered with different amounts of -8 -6 -4 -2 0
Li indicated by the evaporation times given in seconds. Monolayer E-E_ (eV)
saturation coverage is obtained after 370 sec. The peaks laheled
andH are due to the discrete quantum-well states characteristic of FIG. 10. Photoelectron energy spectra recordetiiat 70 eV
the monolayer range and thex2 structure, respectively. The spec- along the surface normal of clean @d1 (a), Cu11l covered
trum with peakH is obtained half an hour after the 60-sec depositwith 1 ML of Li (b), and Cy111) covered with 1.2 ML of Li(c).
made after recording the lower spectrum. For the labeling of peaks we refer to the text.
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Cu(iil) + U, T=170K peaks(N andP in Fig. 11) come and go indicating that films
N hv = 3.82 eV / with well-ordered structure and well-defined thickness are
1170 i
%1070 -J b obtained.
= |970
=
> |870
@ 770 IV. DISCUSSION
< '
> A. Li core-level shifts
i [870
% g;g M The split Li 1s core-level peak observed for the X2)
E structure(F andG in Fig. 4) shows that the Li atoms occupy
- :gg H at least two different sites. Some qualitative information re-
garding the sites can be obtained by comparing the present
410 , , , . . results with those of previous systematic studies of core-
0 50 100 150 level binding energies for alkali-adsorption systefh¥ In
E-E_ [eV] cases where the overlayer grows layer by atomic layer the

core-level binding energy characteristic of the outermost
FIG. 11. Electron-energy spectra obtained as those shown ifayer of a 2-ML film is higher than that of the interface
Flg 8. The sample is qﬂlll)/Ll, which after transformation at RT |ayer_17 During deposition of the second |ayer one then ob-
to the substitutional structure is coolél70 K) and then exposedto  ggryes a growing peak on the high-binding-energy side of the
different amounts of Li indicated by the evaporation times in seC-peak characteristic of 1 ML. In the present case, the shoulder
ond_s. by the spectra. The lowest spectrum is' obtained prior to thFG in Fig. 4) is on the low-binding-energy side. The sign of
addltlorial exposure. The 20 sec of evaporatllon producing the eNhis shift relative to the 1-ML peak energy is the same as in
gigl_yi shift fromH to M corresponds to a deposit of around 0.05 ML a previous study of Na on A111) where the additional peak
' was ascribed to intermixing at the interfa¢e&Such an inter-
pretation of the appearance of an extra peak at lower binding
monolayer coverage of Li, an€c) the (2x2) structure. energy is in accordance with the general trend that the core-
These spectra give an overview of the valence-band region ével binding energy is reduced if the coordination of the
a photon energy for which the surface electronic structure oftom is increased. This trend is exemplified by the shafiow
the substrate is particularly pronounced. Spe@waand (c) states(1s state in L) of the alkali metals for which the
demonstrate that the apppearance and disappearance of tiiading energy characteristic of the surface atoms is gener-
1-ML DQWS (labeledA), which is observed with a strong ally higher than the binding energy characteristic of the bulk
cross section in the near-uv, can be monitored also with Soﬁtomsj_-s Another exampie, particuiariy interesting in the
x rays. The peak labeledlis due to the well-known surface context of surface intermixing, is the observation that the
state:® This state shifts away frorx upon Li deposition core-level binding energy for an alkali atom adsorbed on a
and disappears before half-monolayer coverage is reached. fietal substrate with an open surface strucisech as a
small but clear effect of the Li deposition is the appearancg100) surfacq is lower than the binding energy for one ad-
of a broad feature labelei in the 1-ML spectruntb) thatis  sorbed to a more close-packed substrate surface of the same
absent in the spectrum for clean Q). metal[such as g111) surfacd.'®
Noteworthy in the Cu @ band-emission range between 2 |n the present case, the dominant comportErin Fig. 4)
and 5.5 eV initial energy is that pedkremains intense and of the 1s doublet appears at an energy close to that observed
at nearly constant energy after Li deposition and structurgor the adsorbed Li monolayer at full monolayer coverége
change. Since this peak has been ascribed to a surfacé’statey Fig. 4). We therefore associate peBkwith Li atoms that
one would expect it to be particularly sensitive to the disrupyemain adsorbed and the should&) (with Li atoms that
tion of the substrate surface. occupy substitutional sites. The dominance of one compo-
nent is in accordance with the LEED resiitif Mizuno
) ) et al’) that there are twice as many adsorbed as substitu-
C. Lion Cu(11D-2x2Li tional Li atoms in the (X 2) structure. Also, the small up-
Upon continued deposition at RT after theX2) struc-  Wward binding-energy shift observed for pekkrelative to
ture has formed the DQWS characteristic of this structurgpeakE is as expected for the proposed substitutional struc-
(peakH in Fig. 8) initially shifts to slightly lower energy and ture since the atomic density and thereby coordination of an
another state appears at around 40 nip¥ak! in Fig. 8). atom in the overlayer of this structure is somewhat lower
If the sample is cooled to 170 K after the transformationthan in a close-packed monolayer.
to the (2<2) phase is complete and more Li is then depos- In the submonolayer coverage range, binding-energy
ited, the spectra change in a different manner. Instead of th@ownshifts for the adsorbate core levels, such as that ob-
gradual downshift observed at RT for the state characteristigerved for C(11)/Li (Figs. 5 and § as well as excitation
of the (2x 2) structure, there is initially, upon Li deposition, threshold downshifts for these levels, are commonly ob-
a steplike downshift by around 25 meygeaksH andM in served upon adsorption of alkali metals on low-index sur-
Fig. 11 showing that even a small Li deposit affects thefaces of metal$®~2*The origin of binding-energy shifts is in
entire surface. Down to quite small Li doses, around 0.0%yeneral not easily determined unambiguously, since final-
ML, the size of the shift is independent of the exact amounstate as well as initial-state contributions must be
of Li added. Upon further depositions new, narrow emissionconsidered?2°26 However, for C111)/Na it was argued
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from the results of a first-principles calculation that a domi-undisrupted C(111) substrate the DQWS energy obtained
nant contribution to the binding-energy shift originates in thefrom the plot in Fig. 2 is 65 meV. The reduced top-layer
change of electrostatic potential near the alkali core that reeoverage resulting from the transformation thus explains a
sults from a coverage-dependent displacement of alkali vaarge fraction of the shift from- 110 meV for the state char-
lence charge towards the substr&@his initial-state effect acteristic of 1 ML to 100 meV after the structure change. To
is likely to make a significant contribution also to the shift this shift should be added a shift due to the incorporation of
observed for the present system. Li atoms in the outermost layer of the substrate. The energy

In previous photoemission work, an abrupt change in Liof a DQWS can be estimated from the phase condifign
1s binding energy with coverage in the submonolayer ranger ®-+2®dy=2mm, wherem=0,1,2 ... and theerms on
was reported for Li deposition on another close-packed metahe left-hand side are the phase shifts at the vacuum barrier,
surface, B€D00D, and this was ascribed to a combinedthe substrate interface, and across the film,
nonmetal-metal and disorder-order transition in therespectively:'®!! The 0.3-eV decrease of the work func-
overlayer’’ In contrast, C(111)/Li shows a continuously tion associated with the structure change is expected to give
shifting Li 1s emission peak in the submonolayer coveragea slight downshift of the energy. The work function enters
range(down to 0.07 ML), without discontinuous changes in the phase condition vidg, which depends on energy rela-
line shape or intensityFigs. 5 and & Our results for tive to the vacuum levef In the present case, no estimate of
Cu(11) as a substrate thus indicate a gradual lateral comthis shift is called for when the energy at 0.72 ML is read off
pression of the Li monolayer, accompanied by a smooth infrom the plot in Fig. 2 since at that coverage has nearly
crease of its valence-electron density. the same value as for the ¥2) structure. That every fourth
Cu atom in the outermost substrate layer is replaced by Li
will affect the energy mainly via the phase shift; at the
substrate-overlayer interfac& . varies from zero tow

The downshift for the energy of the monolayer DQWS, asacross the 5-eV-wide energy gap for Cu at thpoint of the
the coverage approaches a full atomic layer, plotted in Fig. Brillouin zone. Substitution of a more free-electron-like
for 170 K (although observed also at RTs ascribed to a metal such as Li is likely to give an effective narrowing of
more attractive potential as the volume defined by the monothe gap and for states not far from the lower edge of the gap
layer is filled with an increasing number of uniformly dis- this will lead to an upward energy shift for the DQWS. Of
tributed Li atoms.  This interpretation is consistent with the the 210-meV shift observed as the structure transforms, most
continuous Li B binding-energy shift(Figs. 5 and $dis- may thus, we suggest, be explained by a reduced density of
cussed above, which suggests that no Li-island formatiofi in the top layer with the remaining part of the shift ex-
occurs in the submonolayer range. plained by the incorporation of Li atoms in the substrate.

That the energy of the DQWS saturate€at- 135 meV These findings show that DQWS’s can be found in an
when the sample is at 170 (kig. 2) and atE-— 110 meV at  overlayer above an intermixed interface and that photoemis-
RT indicates that the full-monolayer coverage is smaller asion out of such states can be used as support for the general
RT than at 170 K. From the plot in Fig. 2 of energy versusstructure determination methods.
coverage, one finds that the 25-meV difference corresponds The weak featureK near 1-eV binding energy in the
to a 6% smaller saturation coverage at RT. This interpretal-ML spectrum(b) of Fig. 10 is clearly induced by the Li
tion is supported by the 25-meV upward shift of the energymonolayer since it is absent in the spectrum for clear{alu
observed when, after deposition of a full monolayer at 170/Ne propose, however, that it is due to optisgb-band tran-
K, the sample is taken to RT. The temperature increase thugtions in Cu for which thek-conservation rule athv
leads to a reordering of the atoms at the surface suggesting70 eV picks initial states near the low-energy edge
that the RT threshold for substitution is a few percent smalleX0.8 eV belowE) of the band gap at the symmetry point.
than the monolayer saturation coverage at 170 K. The suppression o0$,p-band emission neadlt,: for clean

The emission peaK in Fig. 8, appearing after the trans- Cu(111) [see Fig. 108)] has previously been observed by
formation into the (% 2) phase, has the narrow width ex- Petroff and Thiry® and ascribed to the fact that the density
pected for emission from a DQWS of a well-ordered struc-of bulk-band electrons is small close beneath the surface for
ture. The long time required to complete the structure changenergies near the band edge. This, as discussed by
suggests that the reordering involves transport of atoms ovénglesfield®® is a consequence of the difficulty of fitting a
long distances and gives loose support to the conclusiomacuum tail to the standing wave at the zone boundary since
from the LEED analysisand the present core-level photo- the amplitude of this state,, has maxima between t&11)
emission data that the observedX2) pattern is due to a planes and thereby a maximum also near the vacuum inter-
structure with Li atoms in substitutional sites and the Cuface. As a monolayer of Li is deposited on (@Cul), the
atoms transferred to expand the terraces. Further support farave-function boundary condition responsible for the de-
the suggested structure is obtained from the energy of therease in bulk-band electron density near the surface, for
DQWS. According to the LEED result$, of the Li atoms states close to the band edge, is relaxed such that the electron
remain on top of the mixed outermost layer with Cu atomsdensity increases and photoemission from these states may
With a total Li coverage of 15% more than required to obtainbe observed.
saturation at RT and a RT saturation coverage that is 6% less For the clean substraf€ig. 10a)] the s, p-band intensity
than the saturation coverage at low temperature, the top layanissing at 70 eV is transferred to the surface state, which has
coverage in the (X2) phase should be 72% of the satura-an intensity maximum at this photon enefdyFor the
tion coverage at low temperature. At this Li coverage on arDQWS [Fig. 1Qb)] the cross section will get only a small

B. Valence states
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contribution from the alkali-metal overlayer for photon ener-The behavior thus indicates that theX2) structure when
gies well above the plasmon energy since the film is thertooled to 170 K is unstable with respect to Li adsorption. For
transparent. The intensity will therefore be determined by thehis transformation no time delay is noted, which suggests
contribution from the tail of the DQWS in the substrate. Thisthat no long-range transport is necessary. Compared with the
tail is similar to that of the surface state and one thus als@10-meV energy shift of the DQWS, which accompanies the
expects the DQWS to have a maximum intensity at 70 eVRT transformation to the the (22) phase, the present 25-
The main difference between the two states is that for theneV shift is small and this suggests that the structure change
DQWS the charge is shared between the substrate and tiemore modest.

overlayer. Compared to the surface state a smaller fraction of

the charge therefore resides in the tail. This explains why the V. CONCLUSIONS

emission intensity relative to the Cud3ntensity is smaller . . .

for the DQWS than for the surface state. Regarding the in- Our results show that high-resolution photoemission from

tensity, one may also note that the DQWS is close to th iscrete quantum-well states can be used as a probe of struc-
Fermi ’energy and has a positive dispersion such that it i ure changes and growth modes of adsorption systems. In the

observed only for emission angles within around 2° of theCase of C@1N/Li, four different types of atom rearrange-
surface normal ments are observed and characterized by the different times

required for the reordering and the energies of the character-
. . istic valence-electron states. For one of these rearrange-
C. Lion Cu(11D-2x2Li ments, namely, that into a §2) surface structure, core-

The steplike energy shift that occurs when Li is added tdevel photoemission results are obtained supporting an earlier
the (2x2) structure after cooling the sample to 170(¢ee  proposal that it involves the formation of an intermixed
peaksH andM in Fig. 11) may be explained if the Li deposit Cu-Li atomic layer. Regarding confinement effects, one ob-
is dispersed and each Li atom induces a reordering of theervation of interest is that discrete quantum-well states may
surrounding atoms. Since a deposit of only 0.02 ML isbe found in a metal overlayer even when there is intermixing
needed for the shift to be observed, the surrounding affectedt the interface and that the DQWS energies may be ex-
by each Li atom must consist of a large number of atomsplained semiquantitatively in simple terms.
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