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Ceoterminated Si surfaces: Charge transfer, bonding, and chemical passivation
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The interaction of g, with the S{111)-(7x7) and S{100-(2x1) surfaces has been investigated using
synchrotron radiation core-level and valence-band photoelectron spectrosggpgd@es distinct spectral
changes in the Si{2 core-level emission from both surfaces, indicative of charge transfer to the adsorbed
fullerene molecules. Our results suggest thgs &sorption on $111) induces a redistribution of charge
within the (7X7) unit cell involving electron transfer from rest atom to adatom dangling bonds. For a one
monolayer coveragéon both S{111) and S{100)], broad Gginduced chemically shifted components are
present in the core-level spectra. Valence-band spectra, however, show no evidence for a high degree of
electron occupation of thegglowest unoccupied molecular orbital. We present core-level data which illustrate
that adsorption of a § monolayer inhibits ambient oxidation of the Si surfaf®0163-18208)03901-(

. INTRODUCTION alignment and molecular band occupanty.
In this paper we present photoelectron spectroscopy data
. . ., . on the interaction of g with Si(111)-(7X7) and S{100-
Fullerite, the bulk form of G, is a molecular solid in 5y 1) gyraces. Whileg;)considerable amount of work on the
which bonding arises from weak van der Waals forces. Thectyral properties of g submonolayers and monolayers
energy levels of individual molecules are therefore only,, gj syrfaces has been carried out using scanning tunneling
weakly perturbed and the electronic structure of the solid isnjcroscopy(STM), very little direct information on the na-
primarily determined by intramolecular covalent bonding.tyre of the chemical bonds formed in these systems is avail-
Photoelectron spectra fromg@molecules in the solid or gas aple. We present a detailed analysis of the changes induced
phase therefore exhibit very similar spectral featdrés. in Si-2p core levels by the adsorption ofgon Si111) and
contrast, adsorption of ggon metal and semiconductor sur- Si(100) surfaces. For both surfaces our results may be ex-
faces may give rise to strong chemisorption bonds and plained by the chemisorption ofggmolecules via a charge
corresponding alteration of the molecular electronic structransfer from Si atoms. However, valence-band spectra from
ture. These changes in bonding and electronic structure maygy monolayers do not show any emission at the Fermi level,
in turn be directly probed using photoelectron spectroscopyindicating that there is little occupation of the LUMO band.
Ohnoet al? have examined the interaction ofvith metal  In addition, the possible application ofgmonolayers as
and GaAs110 surface using a combination of core-level, passivating films for Si surfaces has been investigated by
valence-band, and inverse photoemission. For adsorption g¥xamining photoemission spectra following exposure of a
a range of metal surfacesggnduced changes in the Gs1 monolayer-terminated Si surface to atmosphere.
core-level energy and line shape arose from a charge transfer
from states near the metal Fermi level to the lowest unoccu- Il. EXPERIMENT
pied molecular orbita(LUMO). Considerable broadening of
. X "
the C-1s core Ieyel_anq its associatedm sha_keup fe_atures ments were carried out on beam line 6.1 of the synchrotron
was observed, indicating a stronggSurface mter.actlon. radiation source, Daresbury, U. K. The synchrotron radiation
The nature of the bonding betweeg,@nd a solid surface a5 monochromatized by a 1200 lines/mm blazed grating
may also be investigated by examining the effects ofyng the energy distribution of the emitted photoelectrons
fullerene adsorption on theubstratecore-level photoelec-  measured using a hemispherical analyzer. Photon energies of
tron spectra. Deposition ofggon GaA$110) was found not 120 and 140 eV were chosen for S-Zore-level analysis
to affect the line shape of the Asi3r Ga-3l core levels:  with an overall instrumental resolution at those energies of
This suggests a lack of chemical bonding and thus very weakpproximately 0.3 eV. The core-level spectra were curve-
Csosurface interaction. In contrastggadsorption on a num-  fitted with spin-orbit-split Voight(a Gaussian convolved
ber of metal surfaces causes a distinct modification of thevith a Lorentzian line shapeomponents using a nonlinear
core-level spectra, indicative of a strong chemisorptiorleast-squares fitting routirfe.
proces$*Valence-band spectroscopy has been used to pro- Preparation of clean &il11)-(7x7) and S{100-(2x1)
vide complementary information on the bonding and elecsurfaces involved sample degassing at 600 °C for 8—12 h,
tronic structure of g, submonolayers and monolayers in- followed by brief(“flash” ) annealing at 1250 °C for 15-30
cluding, for example, data on molecule-surface energy-leves. The sample temperature was monitored using an infrared

The core-level and valence-band photoemission experi-

0163-1829/98/5(1)/362(8)/$15.00 57 362 © 1998 The American Physical Society



57 Cso- TERMINATED Si SURFACES: CHARG . . . 363

pyrometer and the pressure kept below 20~ ° Torr during
flashing. Surface order and cleanliness were determined from
low-energy electron diffraction and the silicon surface core-
level and valence-band spectrag,G>99.9% purity was
sublimed from a resistively heated Ta envelope onto the Si . G Ce
surface(at room temperatuje A chromel-alumel thermo- \
couple was spot welded directly to the Ta envelope to moni-
tor the G, source temperature.

An initial calibration of the evaporation rates for the L
source was carried out prior to the photoemission experi- (b) 0.1 ML Cg,
ments in a separate system which housed a UHV STM. A
analysis of STM images enabled a direct estimate of surface
coverages resulting from various source temperatures and
deposition times. The source-sample geometry and source
operating conditions in the photoemission UHV system were
similar to those used in the STM system.

A second method used to estimagbmonolayer Cg,
coverages involved analysis of the decay of the bulk Si core-
level intensity as a function of coverage. For Si samples with
a multilayer G, coverage, annealing at temperatures in the
200-300 °C range results in the desorption g§ &ove the
first monolayef Note that we define a 4 monolayer as a
complete single layer of fullerene molecules on the Si sur-
face [and not as the molecular density with respect to the
ideal (bulk-terminated Si(111) or Si(100 surfacd. For ex-
ample, for S{111)-(7X7), at 1 ML coverage there are 736 [ S S S R S
mole;cules per(7x7) unit celf (i.e., 1.1x 10" molecules 32 33 34 35 36 37 38
cm™9). Similarly, for S({100), assuming(4 X 4) ordering of ..

Ceo at @ 1 ML coveragé? there are 0.25 molecules pé&t Kinetic Energy (eV)
x1) unit cell (8.5< 10" molecules cm?). _

We have used the intensity ratio between the bulk com- FIG- 1. Si2p core-level spectra for the) clean Si111)-(7x7)
ponent of the Si-p core level from the clean and the,C surface(b) the (7X7) surface with a 0.1 ML coverage, afd with
monolayer-terminated surface to evaluate the electron escafe’-3 ML coverage. The photon energy was 140 eV for all spectra.
depth. Taking this valuéwhich we estimate as 748.5 A
for 35 eV electronsand assuming a Bier's law-dependent  Although deposition of g, on S{100-(2X1) also results
drop in the intensity of the bulk Si component as thg C in a random distribution of molecules indicating that the mo-
coverage increases to 1 monolayer, enables a determinatidecular mobility at room temperature is small, it has recently
of submonolayer coverages. The value for the escape deptieen argued that the;6Si(100) and Gg-Si(111) interactions
that we estimate is slightly larger than that determined irare fundamentally differetf™*” A model based on a phys-
previous studies!*? This may possibly be related to defects isorption mechanism involving dipole-dipole interactions
and vacancies in the g monolayer, as discussed below. (and negligible charge transjebetween G, molecules and
However, we find that the coverages determined using thi§i(100) surface dimers has been proposgd@his model sug-
method agree well with the values expected from the STMgests that the strength of thg£Si(100 surface bonding is
based calibration of the source. of the same order of magnitude as the van der Waals inter-
action in the fullerite crystal. Klyachko and CH&tave re-
cently further developed this model to account for the
uniaxial incommensurate ¢g overlayers they observed on

A number of recent scanning tunneling microscopySi(100 and G¢100) surfaces.

(STM) studies have focused on the bonding sites and order- In the following, we detail the Si{2 core-level changes

ing of Cgo molecules deposited onto ($11) and S{100  induced by G adsorption on $L11)-(7x7) and S{100-
surfaces>~2°Both Wanget al'®and Chen and Sard@ifound ~ (2X1) surfaces. For both surfaces, the modification of the
that for room-temperature adsorption orf13il)-(7x7), Cs,  core-level line shape and the observation of an intense
molecules are randomly distributed across the substrate eghemically shifted component following & deposition
hibiting no tendency to bond at step edges or defects nor tétrongly suggests that in each case the molecules are chemi-
coalesce to form islands. The strong molecule-surface intesorbed.
action implied by these observations was proposed to arise

from charge transfer from the adatoms of th€l$1)-(7X7)
reconstruction to the & LUMO. STM images showing a
reduction in the local density of states for adatoms located Figure 1 shows the Si2 core-level spectrum acquired
close to the adsorbed molecules provided evidence fog§i-C with a photon energy of 140 eV for the ($11)-(7X7) sur-
charge transfer. face and also illustrates the changes induced following ad-
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TABLE I. Core-level fitting parameters for the SpZpectrum
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from the S{111)-(7x7) surface. (c)
Aoy
Gaussian width 0.45 eV '\\
Lorentzian width 0.09 eV y
Spin-orbit splitting 0.602 eV \\,
Branching ratio 0.498
S, (A BE) —0.69 eV
S, (A BE) +0.31 eV
S; (A BE) +0.90 eV ‘

sorption of submonolayer & coverages. The fitting param- \
eters for the spectrum from the cleénx7) surface[Fig.
1(a)] are listed in Table I. To achieve the best fit to the
experimental data, four Voight curves, the bulk and three
surface core-level shifte(BCLS components, were neces-
sary. Very high resolutiof~70 me\) Si-2p spectra from
the S{111)-(7X7) surface have been obtained by Karlsson
et al?! where five surface components were resolved in the kY

core-level data. With much lowér300 me\ resolution the B RA
spectra may be fitted with only three surface components as
shown in Fig. 1a) and also found by a number of other ~
groups?223

The SCLS components in Fig(a are labeledS;, S,,

andS;. S; is shifted to lower binding energ¢BE) [corre- . | B
sponding to higher kinetic energy in Fi with respect ‘ — ‘

e bulk poat gy In Foal ¥ 113 114 15 116 117

to the bulk peak by 0.70 eV and may be identified with the
Kinetic Energy (eV)

Intensi

rest atoms of th€7x7) reconstruction following the work of
Karlssonet al?! The shift to lower binding energy has been
explained in terms of a charge transfer from A& 7) unit-
cell adatoms to the rest-atom dangling bonds. This results in FIG. 2. Valence-band spectra from thg13i)-(7X7) surface.
fully occupied (lone paib states associated with the rest at- (@ Spectrum from the clean surface prior tg,@eposition,(b)
oms, while the adatom dangling bonds are almost emptyfollowing 0.1 ML Cg, deposition, andc) 0.3 ML Cg, deposition.
Karlssonet al?! attributed a peak at0.53 eV BE to core- The photon energy was 120 eV for all spectra.
level emission from adatoms, and, in addition, resolved a
component at+0.24 eV which they proposed arose from small amounts of surface contaminafiof can completely
second layer pedestal atoms. The poorer resolution assogemove the adatom contribution at the Fermi level. The
ated with the spectrum shown in Figlal leads to an inabil- valence-band spectrum shown in Figa2clearly exhibits
ity to separate the adatom and pedestal-related curves. ABe adatom- and rest-atom-related features expected for the
was the case for th@x7) Si-2p core-level analysis reported clean(7x7) surface?>?® The valence-band contribution due
by Ponceyet al?? the adatom and pedestal contributions areto the partially filled adatom dangling bonds appears as an
accounted for by a SCLS contribution &0.3 eV BE (la- edge(labeled AD crossing the Fermi level, while the rest-
beledS,) and the bulk component. A third broataussian atom state(labeled RA is visible as a shoulder approxi-
full width at half maximum(FWHM)=0.88 eV] SCLS com- mately 1 eV higher in binding energy. The sharpness of the
ponent,S;, at +0.9 eV is required to provide a good fit to Fermi edge observed in Fig(&2 would suggest that an ap-
the “tail” on the high BE side of the spectrum. Although a preciable amount of surface contamination was not present.
number of groups have also observed a similar weak feature Considerable changes in both the core-level and valence-
in Si-2p spectra from thé7x7) surface?*~?%its precise ori- band spectra occur following the deposition of submonolayer
gin has not been determined to date. coverages of g on the (7X7) surface. A comparison of
While the energies of the SCLS components in the specFigs. 1a and Xb) indicates that, following deposition of 0.1
trum shown in Fig. (a) are in excellent agreement with ear- ML Cg, the rest-atom-related core-level feature lab8eds
lier (7X7) Si-2p core-level analyses, the relative intensitiesattenuatedand shifts slightly to+0.65 eV BB, while there
of the S; and S, components are somewhat larg&; (S,  would appear to be no significant change for p&ak There
~0.45) than that reported in a number of previousis a slight apparent increase in the intensity of tBge
studies’’~?°1t is important to note, however, that a range of component—the origin of this increase is described below.
values for this ratigranging from 0.10(Ref. 27 to 0.33  The preferential attenuation of the rest-atom core-level com-
(Ref. 28] have been quoted. It might be argued that theponent is mirrored in the valence-band spectrum where the
difference in the rest-atom component intensity between thehoulder at 0.8 eV below the Fermi level observed for the
present study and earlier work is related to surface contamilean(7X7) surface[labeled RA in Fig. 2a)] is barely vis-
nation or defects. However, it has been shown that veryble in Fig. Ab). Importantly, the Fermi edge due to the



S7 Cso- TERMINATED Si SURFACES: CHARG . . . 365

partially filled adatom dangling bonds remains largely unaf-
fected by the adsorption of 0.1 ML ofgg Deposition of an (© 0.4 ML Cq,
additional 0.2 ML G results in a further strong attenuation
of the S; component(accompanied by an energy shift to
+0.6 eV BB in the core-level spectruffFig. 1(c)]. At this
coverage(0.3 ML) a broad shoulder on the high BE side of
the Si 2p peak is visible and is due to the presence of two
Ceorinduced components shifted by 0.95 €Mbeled (’20)

and 1.9 eV(labeled §) from the bulk peak. There is no
evidence of a rest-atom- or adatom-related feature in the
valence-band spectrum following adsorption of 0.3 M}y C
[Fig. 2c)].

On first examination, our core-level and valence-band
data would suggest that thegdCmolecules interact most
strongly with the rest atoms of th&x<7) reconstruction.
However, STM images of submonolayeg&overages on

Si(11D)-(7Xx7) clearly show that the molecules are not ad- b ‘

sorbed at rest-atom sit€s*but bond predominantly to sites ‘7 = Clom SKI00-GaD)
close to the three midadatoms in either half of the unit¥ell. = A
These sites do not have a Si rest atom at their center. A 3 A
plausible explanation for this apparent discrepancy between E . / \

the STM and photoemission data is thaj@dsorption in-
duces a charge redistribution in tigx7) unit cell. One 8,
possibility is that excess charge from the second layer Si rest
atoms may be transferred back to the adatoms which are
involved in bonding to a g molecules. A rest-atom—adatom e
“reverse” charge transfer has also been proposed for the 33 34 35 36 37 38
NH3/Si(11D)-(7Xx7) (Ref. 31 and K/S{111)-(7x7) (Ref. 32 Kinetic Energy (eV)
systems.

Two Cgginduced core-level components are clearly vis- FIG. 3. Si 20 core-level spectra for thé) clean SL00-(2x 1)
I(tzsliulrs]s'i:;% Ig(V(\:/)H(II\jIl .bgk;(é gfma;sdacg%)@g\?: Bqéo ggg%%ng\r}t surface(b) the (2x1) surface with a 0.1 ML coverage, af) with
and therefore over.lap.)s 10 some extent with Sge:om.ponent a 0.3 ML coverage. The photon energy was 140 eV for all spectra.
of the clean(7X7) surface. This overlap causes the apparen
increase in the intensity of th& component following
deposition of 0.1 ML G, The appearance of a component at

}ayer Si atoms(+0.22 eV relative BE For the core-level
experiments described in this paper the total instrumental

higher binding energy is consistent with the charge transfeFeSO:Utior;] is ‘?pp”roximatelydo.3 eV.(;I’Terefore, while we can
from Si surface atoms to the fullerene LUMO discussed{)eslodve t ed up” atom an rs]eg%n z’ilyer componefiis
above. A second very broad;grelated componeniGauss- . eleds, andS, in Fig. 3a], t 1e - down atOZT component
ian FWHM: 1.4 eV CE is visible at a BE of+1.9 eV in Fig is not resolved. In common with Ponceyal.,“~ we found it

. . 60 . . - - _
1(c) and is necessary to account for the tail on the high Bg €cessary to include a third broad compone®y) (to ac

) : count for the tail on the low kinetic energy side of the spec-
S'S'e of the spectr_um. F|nal!y, as expected, both t@@a@d trum. The fitting parameters for the clear{1¥i0)-(2X1) sur-
Cgo components increase in intensity as thg, Coverage

) . face are shown in Table II.
increasegsee section on monolayeg coverage beloy Figure 3b) shows the changes in the Sp-2pectrum that

. . . occur following the deposition of 0.2 ML of §g The S;
Chemisorption of Cgo 0n Si(100)-(2x 1) component is removed and agnduced chemically shifted

Consensus on the structure of thé180)-(2x 1) surface, component (¢, appears at 0.90 eV higher binding energy.
following long-standing debate, has recently been reached\s the coverage is increased to 0.4 ML, thgs{hduced
The low-temperature STM results of Wolkdtprovided
convincing evidence that the (3D0) surface dimers are TABLE Il. Core-level fitting parameters for the Si2spectrum
asymmetric or “buckled.” Accompanying the buckling of from the S{100-(2x1) surface.
the surface dimer is a charge transfer from the atom dis

placed towards the bulkthe “down” atom) to the atom Gaussian width 0.43 eV
moved towards the vacuurtthe “up” atom). The “up” Lorentzian width 0.09 eV
atom therefore acquires a net negative charge. Landemark Spin-orbit splitting 0.599 eV
et al** decomposed the @i00)-(2x 1) Si-2p core level into Branching ratio 0.501

a bulk and three SCLS componeiigth a resolution of less S, (A BE) —0.47 eV
than 70 meV. These components were attributed to the s, (A BE) +0.22 eV
“up” dimer atom (at a relative BE of—0.49 eV}, the S, (A BE) +1.04 eV

“down” dimer atom (+0.06 eV relative BE and second
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room temperature & adsorption is unlikely since the mag-
nitude of the core-level shift is much greater than that ex-
pected for C-Si covalent bond%3®
The disappearance of tf& componen{arising from the
“up” atom of the Si dime) following deposition of only 0.2
ML of Cgqis surprising. The average separation of molecules
Cop’ for a 0.2 ML coverage is approximately 60 (Re., between
S 15 and 20 dimer sit¢sWhile we do not fully understand the
complete removal of th&; component at a relatively low
Cgo COverage, the implication is thatsgadsorption is asso-
ciated with relatively long-range dimer-dimer interactions.
T N N However, STM images of submonolayer coverage$.01
32 33 34 35 36 37 38 to 0.03 ML) of Cg, 0n S(100-(2%1) indicate that the mol-
Kinetic Energy (eV) ecules are adsorbed between buckled dimer rows. If dimer
buckling was induced by £ adsorption, we should not ob-
(b) 1 ML C,,/Si(100) serve a decrease in the intensity of Biecomponent.

(@ 1 ML C,,/Si(i1l)

Multilayer and monolayer Cg, coverages

The Si-2 core-level spectra foa 1 ML G, coverage on
Si(112) and S{100 are shown in Figs. @) and 4b), respec-
tively. In both cases there are two intensgy-@lated com-
ponents (G, and G at binding energies of 0.95[Si(111)]
and 0.90 e\[Si(100] and +1.9 eV (both surfaces In addi-
tion, in order to achieve satisfactory fits of the experimental

i L | L | | L i L | L 1 H : .
32 33 34 35 36 37 38 d:_ita it was necessary to include tB8g componentqalbeit
. . with lower intensity of the clean surface spectra. The reten-
Kinetic Energy (eV) tion of these clean surface-related features fgy d@@verages

of 1 ML indicates that fullerene adsorption does not induce a

FIG. 4. Si 2p core-level spectra foa 1 ML Gy, coverage orfa) large amount of surface structural rearrangement. This result
the S{111-(7X7) surface andb) the S{100-(2x1) surface. Pho- is in good agreement with x-ray diffractidhstudies of thick
ton energy=140 eV in both cases. Cqo films on S{111) and S{100) which indicated that the

(7X7) and (2X1) reconstructions were preserved at the

component increases in intensity and a second compdaent fullerene-Si interface.
+1.9 eV BB related to G, absorption(CS) begins to ap- Multilayer films were grown by continuing the deposition
pear. Interestingly, the binding energies of theggr€lated of Cg, until Si-2p core-level emission was no longer ob-
components are very similar to those for th€¢1$il)-(7X7) served. STM data indicates that for all low index Si
case. It is important to note that ifsgwere physisorbed on  surface$*%3° Cq, molecules above the firdchemisorbey
the S(100)-(2x1) surface as has been argued by a number omonolayer interact via van der Waals forces and generally
authors:>~*"we would not expect to observe such significantadopt the hexagonal close packing found in the bulk fullerite
changes in the Si{2 core-level spectrum. The distinct spec- crystal®° A valence-band spectrum of a multilayeg,@ilm
tral changes we observe forgdSi(100)-(2X1) indicate a  grown on S{111) is shown in Fig. $a). [Multilayer Cy, films
strong valence electron charge redistribution consistent witigrown on S{100) produced identical valence-band spektra
a chemisorption of the fullerene molecules. The spectrum shown in Fig(® is characteristic of thick g

In an initial state picture, the shift to higher BE of the films and, as discussed by Weaegrl,*° the highest energy
Ceorinduced component is indicative of a charge transfewvalence-band peaks may be attributedrteelated molecular
from the Si surface atoms to the adsorbegh @olecules. orbitals [the HOMO and HOMO-1 bands, labeled in Fig.
While we cannot rule out the possibility of final-state or 5(a)], with lower-lying peaks related to more localizeq,
screening effects contributing to the measureg-i@duced andog-related orbitals.
core-level shift, it is important to note thatsgCadsorption Annealing of the multilayer sample at a temperature of
produces no change in the BE of thé¢1®i0)-(2X1) S, com- 300 °C results in the desorption of the weakly bonded mol-
ponentsee Figs. &), 3(c), and Fig. 4. As shown by Pehlke ecules above the first monolayerg@nolecules in the first
and Schefflef? the 0.22 eV shift of theS, component is monolayer remain chemisorbed. The valence-band spectrum
predominantly due to final-state screening effects.¢f &l- from a G, monolayer, Fig. B), consists of the molecular
sorption strongly modified the surface screening we mighbrbital features seen in Fig(& superimposed on the emis-
expect the BE of thé&, component to change. sion from the Sil111) valence band. We do not observe any

An alternative explanation for thegginduced core-level emission at or near the Fermi level suggesting a very low
shift we observe is the formation ofs&Si covalent bonds. electron occupation of the LUMO. This observation is in
In that case, the electronegativity difference between carboeonflict with a number of estimates of the amount qfL31)-
and silicon atoms gives rise to an effective charge transfe€g, charge transfer based on both experiméhtaind
from Si to C. We believe that covalent bond formation for theoretical?> work. YamagucH¥ estimated that 3.35 elec-
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P . FIG. 6. The effects of exposure to atmosphere on thepSiéte

) level from a Ggy-monolayer terminated &il1) surface. The upper-
most spectrum is from a clean($11)-(7X7) surface exposed to air
. for 5 min.

surface of the Au crystal. For the latter case the high degree
of electron occupancy of the lowest unoccupied molecular
orbital leads to an enhanced screening and thus a shift in the
HOMO position towards lower binding energy. The lack of a
HOMO shift for thick G, layers compared to agg mono-
layer on the Si surfaces investigated in the present work in-
dicates that there are no significant differences in screening
for molecules in a bulklike environment or at a Si surface.
This may in turn be directly related to the small degree of
surface-molecule charge transfer suggested by the lack of a
LUMO-related feature in the valence-band spectrum.

PN NN INT SUNTU NUT ENT NI BRI S
100 102 104 106 108 110 112 114 116
Kinetic Energy (eV)

FIG. 5. Valence-band spectra frofa) a thick (bulklike) Cgq
film on Si(111) and, (b) from a 1 ML G, coverage on $111).
Photon energy 120 eV.

trons, on average, were donated from thel 1)-(7X7) sur- Ambient oxidation of Cg-monolayer-terminated surfaces

face atoms to the §& molecule. A transfer of approximately We have recently examined the effectiveness ofgg C
three electrons would result in the threefold degeneratenonolayer in providing a chemically unreactive termination
LUMO being half-filled and, in the absence of electron- of the S{111)-(7X7) surface® Our STM results showed that
electron correlation effects, having metallic characteristicaleposition of a single £ monolayer significantly inhibits
with a very high density of states at the Fermi level. Ourcorruption of the SiL11)-(7X7) surface by water and atmo-
valence-band spectra rule out a high degree of charge transpheric oxygen. We have used photoelectron spectroscopy to
fer and suggest that only fractional electronic charge is doprovide complementary chemical information on the interac-
nated to the &, molecule from the $111) surface atoms.  tion of C;y/Si(111) with atmospheric oxygen. Figure 6 shows

As for Cg¢/Si(111), emission at the Fermi level was not the evolution of the Si-@ core level with progressively
observe for a g, monolayer on $1L00), again indicating that longer exposure to atmosphe(&he spectra shown in Fig. 6
very little charge transfer occurs. This is in contrast to theare for a sample that was repeatedly exposed to air for in-
tunneling spectroscopy measurements and theoretical calcareasing periods of timie The uppermost spectruiffig.
lations of Wanget al,** which indicated that a g mono-  6(v)] is, for comparison, from a clean($iL1)-(7X7) surface
layer on S{100 was metallic. Guoster et al** have also that was exposed to air for 5 min. In this spectrum, the broad
found, using 21.2 eV photons from a He lamp, that thepeak located at approximately 4 eV lower kinetic energy
valence-band spectra fog£adsorbed on $100) do not ex-  than the bulk Si peak is due to SiQRef. 46 arising from
hibit any features relating to a high density of states at thehe formation of a native oxide layer.
Fermi level. Figure &i) is the core-level spectrum from thegL

It is interesting to note that the position of the HOMO monolayer-terminated surface before exposure to atmo-
band at 2.1-0.1 eV below the Fermi level is the same for the sphere. Following exposure for 5 min, a comparison of Figs.
multilayer and monolayer spectriiom both the Gy/Si(111)  6(ii) and Gv) indicates that the g monolayer significantly
and Gy/Si(100 sampleg For Gy, adsorbed on Au surfac®s  inhibits oxidation of the Si surface. However, a small contri-
a 0.5 eV shift of the HOMO position was observed forg C bution to the spectrum due to Sifdrmation is visible on the
monolayer compared to a thick film. This shift was attributedlow kinetic energy side of the bulk Sig2 peak and this
to the difference in screening of the core hole fqp @0l-  steadily grows in intensity as the sample is exposed to air for
ecules in a bulklike environment ands@Omolecules at the progressively longer periods. Following an exposure time of
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1 h, a clear peak due to oxide formation is obser{f€ig. Si(11D-(7X7) and S{100-(2x1) involving chemisorption
6(iv)]. Although not shown here, very similar core-level via Si-G;, charge transfer. A comparison of the photoemis-
changes for the air-exposedgfCmonolayer terminated sion data for GySi(111)-(7X7) with previous STM studies
Si(100 surface were observed. If the passivation mechanismuggests that £ adsorption induces a charge redistribution
for the G monolayer arises from the inability of air mol- in the (7X7) unit cell. We find that the amount of charge
ecules to pass through the fullerene fiirthe presence of transfer for both the £¢/Si(111) and the Gy/Si(100) systems
areas where the ideal close packing of the molecules is diss significantly less than previously suggested. Finally, termi-
turbed will significantly degrade the protection of the under-nation of both Si111) and S{100 with a C;; monolayer
lying Si. This in turn suggests that the effectiveness of thdeads to a significant reduction in the Si surface oxidation
Ceo monolayer chemical passivation will be critically depen- rate.

dent on the degree of molecular ordering.
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