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Condensation of Na metal on graphite studied by photoemission
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Above a submonolayer threshold coverage of around 0.2 monalkier Na deposited on graphite forms
adsorbed islands. Via photoemission from quantum well stQ®8S’s) the islands are detected down to less
than 1% surface coverage and are characterized with respect to thickness via the QWS binding energies. Below
90 K monolayer islands form while at around 110 K the thickness of the initially observed islands is 3 ML.
Below 90 K and for coverages slightly above the submonolayer threshold the islands form slowly enough from
a dispersed phase that the process can be monitored in real time. Below the threshold coverage the existence
of a dispersed Na phase is indicated by the changes of the work function and of the energies for graphite
emission lines. One graphite line, which is due to a final state populated by secondary electrons, allows
observation of atomic-layer-dependent energy shifts for the substrate. The shifts indicate that Na valence
electrons are transferred predominantly to the topmost carbon layer. The work function change and the energy
shifts saturate near below the coverage needed for islands to form. The QWS energies for 1 ML Na are well
understood in terms of a quasi-two-dimensional free-electron gas having the density expected for a nearly
neutral monolayer of Na metal.
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[. INTRODUCTION metal island$. Electronic structure calculations for the sys-
tem therefore have been based on the assumption that the

As recently demonstrated by photoemission and scanningondensate is an adsorbedk 2 K monolaye ™ Recent
tunneling microscopySTM) data, Na metal films on graph- QWS spectroscopy results indicate that the first formed K
ite realize simple metal quantum wells in which all filled condensate instead is a subsurface22K monolayer? In
states are confined and are thus disctetéthough graphite view of the many previous experimental studies of
is a semimetal so there is an overlap in valence electroK/graphité®~*’this result is surprising and motivates further
energies, the states in the Na film are decoupled from thos@vestigations of the condensation for other alkali metals.
in the substrate since the wave vectors are different. The Na/graphite turns out to be quite different from
quantum well state$§QWS's) in the overlayer form energy K/graphite. While Na has a greater tendency for three-
bands, which fall well above the highest filled band in graph-dimensional(3D) growth, a low enough substrate tempera-
ite throughout the range of wave vectors populated by electure (<90 K) allows a large fraction of the surface to be
trons independent of film thickness. For previously studiedcovered with an adsorbed Na metal monolayer. The appear-
metal quantum wells supported by metal or semiconductor
substrates, confinement is restricted to a modest fraction of 0 K U M
the valence electrons in the overlagdhe limiting factor is
the substrate band gap, which provides the confinement on
the back side of the film and typically covers a small fraction
of the filled bandwidth of the overlayer metal. Figure 1
shows calculated energy bands of graphitéth a shaded
area representing the range of energies and parallel wave
vectors for populated states in Na metal.

Aside from providing prototype examples of simple metal
guantum wells Na/graphite is of interest for observing the
onset of alkali-metal condensation on graphite and for char-
acterization of the initially formed condensate. This onset
has received attention following the observation for
K/graphite of a structure change at a low submonolayer cov-
erage from a dispersed phase to a2 ordered K conden-
sate, which above the threshold coverage coexists with the 20
dispersed phaskA 2x 2 structure means that the K atoms T T | |
are nearly close packed and have the order found also for the 15 1 0.5 0 05 1
K layers in the GK intercalation compound.No similar ki (A"
structure change is observed for alkali metals adsorbed on a
metal substratéand the difference is ascribed to the semi- FIG. 1. A calculated band structure of graphiRef. 3 with a
metal character of graphifeThe experimental data sug- shaded area enclosed by the dispersion of Na valence electrons in
gested that the condensett 2 phase consists of adsorbed K the free-electron approximation.
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ance of Na islands can be monitored via the photoemission 0 . .
of electrons that occupy QWS'’s. These have thickness- HOPG/Na
dependent binding energies, which means that the island
thickness can be determined unless many different thickness
values are represented. We observe QWS characteristics of
Na adlayers above a submonolayer threshold coverage. This
result suggests that Na/graphite can provide an example of
the transition from a dispersed to a condensed alkali-metal
adsorbate on a semimetal.

o
(%3]
T
1

Work function Change (eV)

90K
Regarding the low-coverage dispersed phase our data give

only indirect information about the Na adsorbate. We ob- 151 iy

serve no emission lines that can be ascribed to the Na va-

lence electrons, and thep2ine is not well resolved within 40K

our photon energy range since the line is superposed on a -20 5-0 160 0

large background of secondary electrons. The indirect infor-
mation comes from the change of the work function and the
shift in binding energy of graphite emission lines as Na is  FIG. 2. Work function change vs Na deposition time for two
deposited. Initially these quantities Change gradually with in-different sample temperatures. The minimum for 90 K~80 s is
creasing Na deposition time but then saturate at a slightlylue to a temporary oversaturation of the dispersed phase. At 40 K,
lower coverage than required to observe QWS emission ousland formation proceeds more slowly, allowing a larger reduction
of Na metal islands. As discussed below the results obtainedf work function.

at low coverage are well understood in terms of a dispersed

Na adsorbate. change, which is obtained from the low-energy cutoff of
photoemission spectra, depends on temperdfige 2). At

Il. EXPERIMENT 90 K the change also depends on how rapidly the coverage

) dependence is measured. As discussed in Sec. IV C a rapid

The measurements were made using as substrate samplegasurement gives a lower work function due to a temporary

of h|gh|y oriented pyrolyuC graphitéHOPG. This CC_)nSIStS oversaturation of the dispersed Na phase characteristic of the
of microcrystals which have a nearly commaenaxis but low-coverage range. The weak minimum in Fig. 2 for 90 K

which are azimuthally disordered. The disorder means that iy ihus only observed if the coverage dependence is mea-

low-energy electron diffractiofLEED) the pattern consists ¢ red in a few minutes time or less.

of rings rather than spots. In one.expe_riment an epitaxial The spectra recorded along the surface normal show
graphite layer formedn situ by heating SiC(Refs. 18 and  gy4phite emission lines which all shift to lower energy upon
19) was used as substrate. The photoemission spectra atg; deposition; i.e., filled states shift towards higher binding

recorded in the MAX synchrotron radiation laboratory, Lund gpergies and states above the Fermi level shift towards this.
University, at BL52 where a normal incidence monochro-p,ost detail is given by an emission peak, which is due to a

mator provides photons in the energy range from 3.5 10 4Qate 7.6 eV above the Fermi level populated by secondary
eV. The alkali metal is evaporated from a heated breakse@ectrons. This  emission peak has been observed

ampoule, which is kept at constant temperature typically Seﬁreviouslf"ﬂ and was ascribed to & state®® Particular
to give a monolayer within 3—10 min. With HOPG as sub-\yith this peak is that it splits into components upon Na depo-
strate a temperature of around 40 K is reached with LHe andjtion with one component remaining at constant energy. The
around 90 K with LN. During an experimental run the tem- gpjitting suggests that the escape depth of the electrons is
perature is checked with a thermocouple clamped to one eng ficient to allow observation of atomic-layer-resolved en-
of the sample. The temperatures given above were Obta'neé*gies for the substrate. In Fig. 3 two components are seen
from a calibrated d|od<_a, which was attached to the Sampl%learly and for the highest Na coverage a shoulder on the
after one of the experiments. The holder used for the SiGq,\_energy side of the stationary component indicates a third
sample gave a lower-temperature limit of around 100 K. component. The splitting E of the two main components is
linear with the change in work functiod E=0.44Ae®.

Il. RESULTS Another final state is observed only after deposition of a
small amount of Na. For clean graphite this state lies near the
vacuum level and is therefore revealed only after a reduction

At low Na coverages, less than 0.2 monolaydt ), the  of the work function. In previous work the state has been
work function decreases rapidly with increasing depositiorobserved by inverse photoemissidrand with near-edge
time and emission lines due to the substrate shift to gradually-ray-absorption fine structuf® (NEXAFS). Although the
lower energies. Both changes saturate at approximately the&tate can be monitored in a restricted Na coverage range, also
same coverage, which marks the limit of a low-coveragehis state shifts and at saturation the energy is around 4.3 eV
range(1l ML is the coverage of a full Na monolayer, and if, above the Fermi level. As discussed below this state is of
as discussed below, this is a close-packed bcc plane, theterest for the interpretation of spectra recorded at 1 ML
number of C atoms per Na atom-s5). The work function thickness. The upper filled state in graphitéFig. 1) gives

Deposition Time (s)

A. Low Na coverage
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HOPG + 1 ML Na T=40 K

hv=17eV HOPG/Na Aed (eV)
T=40K
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F FIG. 4. Photoelectron energy spectra recorded along the surface

FIG. 3. Na adsorption induced splitting of a secondary emissio’ormal for 1 ML Na on HOPG show emission peaks due to states
peak due to a state in graphite 7.6 eV ab&ye The splitingAE ~ 0-17 eV (n=1) and 1.65 eV =0) belowE . The peak, at 2.0

is proportional to the work function changee®, which is given €V labeledSin the spectrum obtained &tv=6.3 eV is due to a
for each spectrum. final state 4.3 eV abovE. Note the decrease in intensity as the

photon energy is increased.

an emission line which shifts in energy but also broadens. ) . .
Although the broadening makes the shift less well defined, iPbserving the onset of island formation. At the lowest cov-

is not significantly different from the shift observed for the erages for which the state is observed the emission peak
state 7.6 eV aboveEg. appears with some delay after the deposit. Figure 5 shows

the development with time after a deposit made with the
_ sample held at 90 K. The intensity saturates after around 10
B. High Na coverage min. In the case shown the intensity is around 0.5% of the
If the deposition is continued beyond the saturation of themaximum intensity for the 1 ML state. The increase of the
work function, emission peaks characteristic of QWS’s in NaQWS intensity is accompanied by an increase of the work
films and islands are observed. Spectra for 1 ML Na showunction observed in Fig. 5 as a shift of the low-energy cutoff
two populated states at the center of the Brillouin zone, abf the spectrum. The difference between the work function
0.17 eV and 1.65 eV binding energy, respectivélig. 4. As  curves in Fig. 2 is thus explained by the time it takes for the
explained in Sec. IV Athe peaks are labeled with the numbeNa atoms to reach an equilibrium arrangement. For larger
of nodes,m, the states have in the overlayerow photon  deposits the QWS emission is present immediately after the
energies are used since the cross section is strong only déposition and the delay is less apparent.
photon energies in the vicinity of the plasmon enei@yy Assuming a constant Na sticking probability the deposi-
eV for Na) or lower than that*?° As the photon energy is tion time required to saturate the work function divided by
increased and the QWS intensity becomes weaker emissidhe time it takes to obtain maximum intensity for the QWS
from the substrate is observed. An example of this is theharacteristic of a monolayer gives a saturation coverage of
peak labeled®in Fig. 4. This peak is due to the final state 4.3 0.2 ML. Another uncertainty in this value is that the surface
eV above the Fermi level mentioned in Sec. Il A. The inten-may not be fully covered with a monolayer before there are
sities in Fig. 4 are compared with reference to the current irpatches with thicker Na metal. Judged by the QWS emission
the storage ring. This is an acceptable reference since thietensity the largest surface coverage is obtained with the
light from the monochromator has a flat intensity in this sample temperature in the range between 40 and 90 K. At 40
spectral range compared to the strong variations of the QWS the film is disordered while at 90 K there are 2-ML-thick
intensity. areas before the monolayer is complete. The thickness of the
The QWS emission appears at a coverage slightly highenitially formed islands is well defined but depends on the
than required for saturation of the work function. The hightemperature. At 90 K monolayer thickness is preferred
intensity of the peak at 0.17 eV binding energy is useful forwhereas at somewhat higher temperat(ire0 K), the first
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HOPG/Na hv=5.5eV
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FIG. 5. Photoelectron energy spectra recorded along the surface FIG. 6. Morpholoaical ch ith dually i ina t
normal for Na/HOPG at a coverage slightly higher than the thresh- i ) f orlg of_(l)glca_thc 3a|r\1/|gLe Wld erLuti_yklncreabSIEg em-
old coverage for Na metal condensation. Spectduns recorded perature for a fua fiim wi “ML- and a-ML-hic _arezi ottom
immediately after deposition arl8l 10 min later. The peak at 0.17 spectrun). With increasing temperature, islands with 5 ML and 6
eV binding energy is characteristic of 1 ML islands. The isIandML thickness form.

formation is accompanied by a small increase of the work functionductmg sample is needed, the next best choice may be a film
Aed. backed by graphite since this provides confinement over a
) , i i . wide range of energies and parallel wave vectors. A simpli-
formed islands are 3 ML thick. The thickness is determinedieq picture of the situation for Na/graphite is given in Fig. 1
via the QWS binding energiés. _ _ which shows the energy bands of graphite and the free-
~ The temperature dependence of the thickness is exempliseciron dispersion for a metal with the density of Na. All
fied in Fig. 6, which gives characteristic emission lines at 0.7ccypied valence states in a film of this metal are expected to
eV and 0.9 eV characteristic of 3 and 4 ML thicknessgy|| within the area(shaded in Fig. Lenclosed by the free-
respectively (bottom spectrum When the cooling is inter-  glectron parabola. Within this area the substrate lacks states
rupted and the temperature increases, the emission charactgfq 4 state in the film can extend on the substrate side of the
istic of the 4 ML thickness increases while the emission charyyierface only with a tail. Every state in the film is therefore
acteristic of 3 ML Na decreases. The change is NOkypected to be discrete and characterized by a perpendicular

accompanied.by any emission characteristic of 1 or 2 MLyave vector componerk, , given by the quantization rule
thickness, which means that there must be areas with cleaéle(D:ZWm, wheret=Nd is the thickness of a film

graphite or more likely areas covered with dispersed Na at(':onsisting ofN atomic layers each with thickness & the

oms. As the temperature is increased further lines characteé-um of the phase shifts at the vacuum barrier and the inter-

istic of 5 and 6 ML thicknesses are observed. In a previou$ace andm a quantum number, which is here chosen to be
study of morphological changes via QWS spectroscopy, Luly,o r'1umber of nodes in the filA.

26 . .
et al™ observed thaN-atomic-layer-thick Ag overlayers on A gimplification made in Fig. 1 is that the graphite bands

Fe(100 can bifurcate upon a temperature increase N0 416 ynperturbed by the contact between the two solids though
=1 monolayer thickness. For the present system we obsentie Fermi level is common. In reality this level becomes

only a change to larger thickness as the temperature is insommon via a transfer of electrons to the substrate, the en-

creased. ergy levels of which are downshifted in the uppermost
graphene layers. The shifts are not large enough to be of
IV. DISCUSSION consequence for the discussion above regarding the confine-
; : ment. Another simplification is neglect of the fact that the
A. QWS's for Na/graphite states in the film Pﬁ)ave tails in thgeJ substrate and therefore
Ideal as samples for a study of QWS’s would be thinsense the lateral variation of the substrate potential. This may
unbacked films. In such films all electrons are confined andbe expected to affect the band mass for the lateral dispersion
have discrete energies determined by the potential in onlgf the QWS and introduce band gaps at the lateral bound-
one substance. For photoemission experiments, when a coaries of the graphite Brillouin zone. As shown in Fig. 1 these
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boundaries are, however, remote from the rangle oflues  0.3€e, taking into account the spin degeneracy of the calcu-
populated by the QWS's. Likewise neglected is the influencdated density of states used for obtaining the charge transfer.
of the periodic potential in the overlayer on the propagation A reason for caution regarding the charge transfer values
of the electrons in the substrate. In principle the folding ofobtained from a rigid density of states is that the observed
the graphite zone caused by the spatial period in the filnlinear relationship between the binding energy shift and the
could be important for the present experiment since it meangork function changeE,=0.44Aed, is not explained. The
that substrate electrons may be emitted in new directionglensity of states is approximately linear near its deep mini-
The reason for neglecting this diffraction effect is that wemum at the Fermi level?8A shift in energy byE, therefore
have found no evidence of it in the measured spectra. corresponds to accommodation of a charge proportional to

n(Eg)Es+ aEﬁ. This charge enters the second term of the

expression for the work function change, and a linear depen-

B. Low Na coverages dence orE; is obviously not expected.

The breakpoint in the coverage dependence of the work A possible reason for the discrepancy is that the density of
function from an initially rapid to a much slower change asstates function in the uppermost graphene layers is signifi-
the deposition is continued serves as a demarcation betweéantly altered due to the adsorbate such that the deep mini-
two different coverage regimes. For coverages below th&um near the Fermi level is no longer present. Although the
breakpoint the photoemission is dominated by the substratebserved downshift ofr states upon adsorption signals a
states at all photon energies employed. The emission lingégid band shift, this may not apply to the states near the
are downshifted gradually as the deposition time is in-Fermi level, which are of main interest for the charge trans-
creased. Our observations are restricted, howevergto fer. These are found near the vortices of the Brillouin zone.
states, the upper filled one and one 7.6 eV above the Ferndio far it is only for clean graphite that some of the details of
level. The shift of the filledr state is somewhat smaller than the intricate band structure near the zone corners have been
for the empty one, but since the emission line broadens uporesolved by photoemissidfi.While graphene is a zero-gap
adsorption, it is unclear whether the difference is significantsemiconductor the 3D structure introduces a splitting of the
The secondary peak due to the state 7.6 eV abifvén 7 states and this makes graphite a semimetal. The bulk char-
graphite is particularly interesting since it is only for this a gcter of the states ne&, or some of them, suggests that
splitting is observed upon Na deposition. We associate théhey could respond to adsorption in the manner of bulk states
splitting with bulk-surface split energies. Support for this isin metals: no shift in energy but an altered amplitude near the
given by the fact that one of the components remains agurface due to the changed surface boundary condition. This
nearly constant energy. At the highest coverage shown ifs in contrast to surface states which can shift in energy and
Fig. 3 the stationary component has a shoulder on the lowoccupancy upon adsorption and thereby participate in estab-
energy side which suggests that a shift, by 0.2 eV, is resolvefshing the new charge balance at the surfac8 Although
for the second graphene layer. Fostates, layer-defined and the o states in graphite do shift in energy, the occupancy is
depth-dependent binding energies may be expected due tonat changed since ne band crosses the Fermi level.
small overlap betweewr states in adjacent atomic layers.  Another reference of interest is a semiconductor with sur-
Typically depth-dependent binding energies can be observefdce band bending. In that case bulk states have different
for core levels, but in the case of K/graphite the €lihe did  energies at the surface and in the bulk. The band structure
not reveal this as clearly as the secondary peak 7.6 eV abovncept remains valid since the bending region typically ex-
the Fermi level” tends deep into the solid and the shift in energy within a unit

The work function change can be regarded as the sum dfell is insignificant. Photoemission spectra, which probe a
two contributions. One is the decrease due to the downshifghallow surface layer, then merely shift in energy, by,
Es, of the energy bands in the top graphite layer and thevhen the band bending is quenched by lowering the tem-
other the drop due to the potential differente between this  perature and/or increasing the light intensity enough to satu-
layer and the layer of adsorbed Na atoms. If the charge transate the surface photovoltagk®?
ferred to the two topmost carbon layersjisandd;, respec- In the present case the observed energy shifts show that
tively, and the transfer to deeper layers is neglected one olpnly the two uppermost carbon layers are appreciably af-
tains, using the parallel plate capacitor expressionJfathat  fected by the adsorbate. The unit cell of graphite contains
Aed=E +d(q;+0,)/Aey, whered is the distance between atoms in two carbon layers, so the perturbation is not uni-
the Na and the top carbon layer. If a valueggfis obtained  form within the cell. Furthermore, the shift in energy be-
from a rigid shift byEg of the calculated density of electron tween the layers is on par with the band splitting, which
states near the Fermi levEl?® the measured shifE;  means that the adsorbate-induced change cannot be regarded
=0.8 eV gives a charge transfer to the uppermost graphitas a weak perturbation. Also in the lateral direction the ad-
layer of 0.008 electrons per carbon atom, which at 0.2 MLsorbate will introduce a nonuniform perturbation that may
coverage means that each Na atom has lost. 0/2hen this  make more diffuse such distinct details as the deep density of
procedure was used to obtain the charge transferred from Ktates minimum in graphite near the Fermi level. The sug-
atoms on HOPGRef. 17 at the saturation coverage for the gestion is thus that the band picture is irrelevant to describe
dispersed phase a similar value was determined ép#8K  the electronic structure near the Fermi level in the two up-
atom). We believe, however, that a correct evaluation givegpermost layers of an alkali-metal-covered graphite substrate.
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C. Na metal condensate As implied by the phase condition satisfied by QWS’s the
IJeveI structure is expected to be similar for different alkali
metals on a given substrate if the number of adsorbed atomic
layers is the same. Adsorbed on(C14d) 1 ML of Li, Na, and

The spectra recorded for 1 ML at 90 K is as expected fo
a near neutral monolayer of free-electron metal with the den
sity of Na. S_lnce no solid is thinner _than a monolayer, th'?’ s in all cases gives a filleth=1 state af” within 0.14 eV
overlayer might be expected to provide the best example e £ 34-36 5 di . . £ th
nature of a 2D free-electron-like gas with metal density. For> IFt thi tC(Eorhlng tcl)a'og.r mterpretaﬂ?g (1)7t \?fpre’flent
. . : . results this state has a binding energy of 0.17 eV for Na on

such a gas the filled bandwidtW is given by W g 9y

5 . , graphite. An energy near this value is then expected also for

=nh?/4mm wheren is the surface density of electron32 and i _covered graphite, but the first K-deposition-inducid
the density of statesi(E), is constant and equal ton/h®. |eye| has a binding energy of 0.57 &t is only after depo-
For a monolayer of close-packed Na atoms with the intersijtion of a second K atomic layer that the level spectrum is
atomic distance equal to that in bcc Na one obtalis  similar to that obtained for 1 ML of Na. The thermal stability
=2.06 eV. This is close to the bandwidth 2.12 eV, obtainedof the first formed condensate is also quite different for K
in a band calculation for a monolayer of close-packed Naand Na. While the Na monolayer can be prepared only below
atoms in vacuuni® around 90 K the temperature can be raised to around 200 K

Atom-resolved STM images for 3 ML and thicker Na is- for K before thel level with 0.57 eV binding energy disap-
lands show a buckled bdd10) surface' If this is the order pears. It is then not replaced by QWS’s characteristic of
also for 1 ML, the free-electron approximation give¢  thicker islands which is typical of Na films. Aside from the
=1.89 eV. In a photoemission spectrum recorded along thénergy another important signature of QWS’s is the cross
surface normal one would expect to observe one emissiofection. For 1 ML of Na this is enhanced at low photon

peak at a binding energy equal W Instead the monolayer energies as previously observed for Na both on graphite or
gives two peaksFig. 4, which means that not only the ON & metal substrafé’ In the case of K the characteristic

bottom m=0 level, but also the next higher ome=1 is photon energy dependence of the cross section is observed
occupied near the center of the Brillouin zone. Even this filmOnly after deposition of the second atomic layer. In addition
is thus too thick to be representative of a true 2D electron gate Splitting of the 7.6 eV state upon depositiéfig. 3) is
where the electrons are confined to a plane and only onfllowed fgr K by a stepwise shift upon continued
band exists. The zone center states mark the low-energy ed gposition” There are thus a number of differences between
of subbands, which each gives the same contribution to thi'e two surface systems. For K the suggested interpretation
density of states. The density of states at the Fermi level i that the initially formed condensate is a subsurface
thus twice that of the ideal 2D gas. The sum of the observefionolayer.? For Na the results are consistent with a change
QWS binding energies is 1.82 eV, which is close to the bandfrom a dispersed low-coverage phase to a condensed phase
width for the 2D gas. While the difference may be ascribedPf adsorbed _|slands which have monolgyer thlckness if the
to a band mass larger than 1 the smaller value for the conf€mperature is below around 90 K but thicker at higher tem-
bined width also leaves room for a small charge transferPerature.
(around 0.0é per Na atonp, from the adsorbed layer to the
substrate. For the states on the receiving end of the transfer V. CONCLUDING REMARKS
this means 0.008 electrons per C atom if all electrons are
accommodated by the uppermost atomic layer in graphite. The results show that QWS spectroscopy provides a sen-
This amount of charge is the same as that at saturation of tH#tive means of observing the formation of a condensate by
work function and consistent with the observation that theddsorbed metal atoms. In the Na/graphite case QWS charac-
shifts of graphite levels saturate at this coverage. teristics of adsorbed alkali-metal islands are observed only
At 90 K the condensation of the Na atoms into metalwhen a submonolayer threshold coverage is exceeded. Be-
monolayer islands proceeds slowly enough that it can béow threshold a dispersed phase is indicated by the work
monitored in real time as shown in Fig. 5. The lack of anyfunction change and shifts of substrate energy levels. The
shift in binding energy suggests that, when detected, the ig2ehavior gives support to a theoretical model which ascribes
lands have areas large enough that lateral quantization is ##e existence of a threshold coverage for condensation to the
little importance for the QWS energy. Since the experimentafemimetal character of the graphite substfaéthough the
resolution would allow us to observe a shift of 50 meV, anislands formed at low enough temperatures have the ultimate
estimate of the area suggests that these have lateral dimegfhonolayer thickness, the electronic structure deviates mark-
sions of around 100 A. If the islands form from an oversatu-edly from that of a true 2D electron gas since two subbands
rated phase of dispersed Na atoms, the early stage of agr€ occupied rather than one. For a freestanding monolayer,
glomeration into small islands is thus not detected. Thedy contrast, calculations predict that only one subband ex-
reason for this is not clear but it could be associated with théends below the Fermi levét.
excitation mechanism. The emission intensity from ultrathin
or thick samples of free-electron-like me_tal§ is strong beI_ow ACKNOWLEDGMENTS
the plasma frequency due to the excitation of collective
modes?*?® How the modes are damped, and the characteris- This work is financially supported by the Swedish Re-
tic frequencies changed as the lateral dimensions are reducedarch Council. The assistance from the technical staff at
for an ultrathin island is not known. Max-Lab is gratefully appreciated.
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