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We have used scanning tunneling microscopy and spectroscopy to study the electronic structure of indi-
vidual C60 molecules adsorbed onto the Au(111) and Ag(100) surfaces. C60 molecules on Au(111) show an
increase in the HOMO-LUMO gap of 0.6 eV compared to C60 on Ag(100). Splitting of the C60 LUMO
manifold is suppressed for C60 on Au(111), in contrast to the strong splitting observed for C60 on Ag(100). Our
data implies a 0.6 eV increase in intramolecular Coulomb energy for C60 on Au(111) as compared to C60 on
Ag(100). Topographs and energy-resolved spectral maps, however, show nearly identical features and indicate
a similar influence of the two substrates on molecular-orbital geometry. C60-substrate bonding and charge
transfer is further investigated by calculating C60 charge redistribution usingab initio pseudopotential density-
functional theory methods. These calculations indicate that a negligible amount of charge is transferred from
Au(111) to adsorbed C60, while about 0.2 electron is transferred to C60 resting on Ag(100), although the precise
amount depends on the definition used. This charge transfer likely changes the electronic screening properties
of C60, providing an explanation for observed spectroscopic differences on these two substrates.
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I. INTRODUCTION

The C60 molecule is the most common fullerene and has
been used as a basic component in a variety of new carbon
nanostructures, including endohedral fullerenes,1 peapod
nanotubes,2 C60 dimers,3 and single-molecule transistors.4 In
addition to their flexibility as nanostructural building blocks,
fullerene systems can also be electronically tuned from semi-
conducting to superconducting behavior via charge doping.5

Understanding the electronic properties of C60 molecules in
these different environments is critical for understanding and
predicting the behavior of new C60-derived molecular struc-
tures and devices.

One of the most fundamental properties of C60 electronic
structure is the energy location of the lowest unoccupied
molecular-orbital (LUMO) and the highest occupied
molecular-orbital (HOMO) states, both of which can be
changed by substrate-induced charging effects. Charge trans-
fer, intramolecular Coulomb energysUd, and screening ef-
fects all play an important role in determining the HOMO
and LUMO level structure of adsorbed C60. In general, in-
tramolecular Coulomb repulsion changes the energy required
for electrons to be either added or removed from an adsorbed
molecule during a measurement, thus increasing observed
HOMO-LUMO gaps by U in photoemission/inverse-
photoemission and electron-tunneling experiments. Screen-
ing by a substrate, however, tends to reduce Coulomb repul-
sion and thus also influences the HOMO-LUMO gap seen in
electron spectroscopies. In this paper we gain insight into the
screened electronic structure of C60 molecules by performing
a comparative scanning tunneling spectroscopy study of C60
on two surfaces having very different work functions:
Au(111) and Ag(100).

C60 electronic structure has already been studied exten-
sively via photoemission and inverse photoemission.6–9 Gas

phase C60 and C60
− photoemission has shown a HOMO-

LUMO gap of 4.9 eV for isolated C60.
7 Photoemission and

inverse photoemission on C60 monolayers have shown a
HOMO-LUMO gap of 2.1 eV, 2.2 eV, and 3.2 eV for C60 on
Au(110), Ag(110), and Cu(111), respectively.6 These tech-
niques suggest charge transfers of 0.8, 1.7, and 1.6 electrons
gained per C60 molecule for undoped C60 monolayers on
Au(111), Ag(100), and Cu(111), respectively.6,8 On n-type
GaAs(110) substrates, charge transfer of less than 0.02
electron/molecule to C60 was reported.9 Other techniques,
such as electron energy-loss spectroscopy,10 have also been
used to measure the charge transfer from substrate to C60
monolayer, but with a relatively larger uncertainty of ±1
electron per molecule.

Measurement of the local electronic structure of indi-
vidual C60 molecules has also been performed via scanning
tunneling microscopy and spectroscopy(STM/STS). STM/
STS has the advantage that it can provide both good spatial
and good spectroscopic resolution, and can also investigate
both filled and empty state behavior. Previous STM studies
have revealed the topographic features of C60 molecules ad-
sorbed to various metal11–13 and semiconducting14 surfaces.
Tunneling spectra of C60 molecules on semiconductor,15

metal,16 and insulating layers17 have shown features attrib-
uted to HOMO and LUMO molecular states. Recently, the
energy-resolved spatial distribution of molecular orbitals de-
rived from the HOMO, LUMO, and LUMO+1 states was
obtained for individual C60 molecules18 and C60
monolayers19 adsorbed onto Ag(100).

Here we present STM/STS experimental data and theoret-
ical results obtained for individual C60 molecules deposited
onto Au(111), and we compare these to our previous results
for C60 on Ag(100).18 We observe distinct differences in the
experimental C60 spectra obtained for these two substrates,
the most significant of which is a 0.6 eV shift to higher
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energy for C60 empty state peaks on Au(111), which leads to
an increased HOMO-LUMO gap for C60 on Au versus Ag.
While the leading edge of the C60 LUMO resonance on
Ag(100) intersects the Fermi energysEFd, the same reso-
nance peak on Au(111) does not. In addition, we see a sup-
pression in the experimental splitting of the C60 LUMO reso-
nance on Au(111) compared to what is seen for C60 on
Ag(100). Energy-resolved spectral density maps(in real
space) of the HOMO, LUMO, and LUMO+1 derived states
for C60 on Au(111) and Ag(100) are nearly identical despite
the differences seen spectroscopically in energetic peak loca-
tions. The energy differences observed between these reso-
nance peaks allow us to determine that the intramolecular
Coulomb energy for C60 on Au(111) is 0.6 eV larger than for
C60 on Ag(100). We believe that the reducedU observed for
C60 on Ag(100) is due to increased screening arising from
charge transferred to the molecule on this surface. This in-
terpretation is bolstered by the fact that our density-
functional theory(DFT) calculations show a transfer to C60
of about 0.2 electron per molecule on Ag(100) and a negli-
gible amount of charge transfer for C60 on Au(111).

II. EXPERIMENTAL RESULTS

Our experiments were conducted using a homebuilt ultra-
high vacuum(UHV) STM. The single-crystal Au(111) sub-
strates were cleaned in UHV and dosed with C60 after being
cooled to 7 K.dI /dV spectra were measured through lock-in
detection of the ac tunneling current driven by a 450 Hz, 10
mV (rms) signal added to the junction bias under open-loop
conditions(bias voltage here is defined as the sample poten-
tial referenced to the tip). dI /dV images were acquired by
positioning the STM tip at each point at constant current
and then measuringdI /dV. All data shown were acquired at
T=7 K.

Figure 1 shows representative,20 Å320 Å topographs
of C60 molecules on the Au(111) surface. Less than 0.01
monolayer of C60 was deposited onto Au(111), so the C60
molecules were widely separated. We found that C60 mol-

ecules reside both at Au step edges and on the Au terrace
(terrace adsorbates were mainly found at corner sites of the
herringbone reconstruction). We carefully examined
,90 C60 molecules on Au(111) using many different tips,
and observed five distinct molecular orientations(shown in
Fig. 1). The fivefold segments seen on the molecules arise
from C60 pentagon rings18 and can be used to deduce the
molecular orientation. The topmost features in the five orien-
tations shown are(a) a hexagon ring,(b) a 6:6 bond(i.e., the
bond separating two adjacent hexagon rings), (c) a 5:6 bond
(i.e., the bond separating a pentagon ring and a hexagon
ring), (d) an apex atom, and(e) a hexagon ring. These ori-
entations were observed with an approximate distribution of
38%, 35%, 13%, 8%, and 6%, respectively. Each orientation
has been observed both at step edges and at terrace sites on
Au(111).

The local electronic structure of C60 adsorbates can be
measured via differential conductancesdI /dVd spectroscopy.
Figure 2 shows typicaldI /dV spectra measured at nine dif-
ferent spots over a single C60 molecule adsorbed to the
Au(111) surface. There are three main resonance peaks ob-
served in the ±2.5 V energy range, and the amplitude of
these peaks varies strongly over the surface of a single mol-
ecule. Based on the measured spectra of,45 molecules on
Au(111), we determine that the resonances are centered at
−1.7±0.2 V (HOMO), 1.0±0.2 V (LUMO), and
2.2±0.2 V sLUMO+1d. We have observed no obvious de-
pendence of the C60 electronic structure on molecular orien-
tation. Pronounced differences are observed between these

FIG. 1. Constant current topographs of individual C60 molecules
having different orientations on the Au(111) surface atT=7 K sV
=2.0 V,I =0.3 nAd. The topmost features are(a) a hexagon ring,(b)
a 6:6 bond,(c) a 5:6 bond,(d) an apex atom, and(e) a pentagon
ring, respectively.

FIG. 2. dI /dV spectra of a single C60 molecule on Au(111) at
T=7 K. Spectra 1–9 were taken at indicated spots on the inset im-
age and are shifted vertically for clarity. Tunneling parameters were
V=2.0 V,I =1.0 nA before taking the spectra. The dashed spectrum
was obtained from the bare Au(111) surface. [Image scale is
,20 Å320 Å.].
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spectra and the spectra obtained for C60 on Ag(100) (Ref. 18)
[for convenience, the C60/Ags100d spectra from Ref. 18 are
reproduced in Fig. 4, where they can be directly compared to
the C60/Aus111d data]. First, the LUMO and LUMO+1
states of C60 on Au(111) are shifted up in energy with respect
to EF by 0.6 V. Second, there is no clear splitting of the
LUMO states on Au(111), while C60 spectra on Ag(100)
show a strong 0.4 V splitting and an enhancement of the
local density of states(LDOS) in the vicinity of EF. Third,
the HOMO-LUMO gap for C60 on Au(111) is significantly
larger than that for C60 on Ag(100).

The spatial inhomogeneity of the spectra observed for C60
arises from the LDOS distribution of the different molecular
orbitals. In order to experimentally untangle the behavior of
individual C60 molecular orbitals, one must perform energy-
resolved spectral mapping of the molecule. This is accom-
plished by spatially mappingdI /dV at a constant voltage
over the molecule’s surface. In the left side of Fig. 3 we
present experimental energy-resolved spectroscopic maps of
one C60 molecule taken at the energies of the three reso-
nances observed in the spectra of C60 on Au(111) (all images
shown in Fig. 3 were acquired with the same tip). ThedI /dV
map of the highest energy resonance[2.2 V, Fig. 3(b)] shows
clearly resolved “bright rings,” indicating LDOS buildup at
the expected sites of C60 pentagon rings. At the 1.0 V reso-
nance[Fig. 3(c)] we see a nearly perfect inversion of the
bright ring LDOS observed at 2.2 V. The spectral map of the
lowest energy states−1.7 Vd shows a network of LDOS
peaks displaced from the high-density regions observed at
other energies. In order to compare these spectral images to
what is seen for C60 on Ag(100), we label the weak
C60/Ags100d resonance atEF as LUMOa and the stronger
resonance at 0.4 eV as LUMOb [see Fig. 4(c)]. The spectral
maps observed for C60/Aus111d in Fig. 3 are nearly identical
to spectral maps previously observed for the HOMO,
LUMOb, and LUMO+1 resonances of C60 on Ag(100) [no
C60/Aus111d resonance has a density pattern similar to that
seen for LUMOa].18

Quantitatively determining the HOMO-LUMO gap for
C60 on Au(111) is straightforward because the HOMO and
LUMO resonances are each well-defined single peaks in the
STM spectroscopic data. The energy difference between the
centers of these peaks yields a HOMO-LUMO gap of
2.7±0.2 eV for C60 adsorbed to Au(111).

Determining the corresponding HOMO-LUMO gap for
C60 on Ag(100) is considerably more difficult because only
the falling edge of the HOMO resonance is experimentally
well defined for STM spectra in this system, and the LUMO
resonance is split into the LUMOa and LUMOb peaks[see
spectra reproduced in Fig. 4(c)]. In order to quantitatively
compare the HOMO-LUMO gap of the C60/Ags100d and
C60/Aus111d systems, we define the HOMO-LUMO gap for
C60/Ags100d in the following manner. We first choose the
C60/Ags100d LUMOb resonance to compare with the
LUMO resonance of C60/Aus111d. The reason for this
choice is that the LUMO-LUMO+1 energy difference is the
same for C60/Ags100d and C60/Aus111d if LUMO b is used.
Spectral maps of the C60/Ags100d LUMOb state and the
C60/Aus111d LUMO state also show identical density distri-

butions, in contrast to what is seen for LUMOa. Next, the
energy of the C60/Ags100d HOMO resonance is determined
by fitting the downward slope of the HOMO shoulder to a
line and then finding the intercept of this line with the LDOS
baseline. The HOMO peak center is then located below this
energy by an amount equal to half the full width of the
HOMO resonance. If we assume that the C60/Ags100d
HOMO resonance has the same width as the C60/Aus111d
HOMO resonance, then this distance is 0.3 eV.20 Such a pro-
cedure yields a HOMO-LUMO gap of 2.1±0.2 eV for C60
on Ag(100).

III. DFT-LDA CALCULATIONS

To understand the differences in electronic structure ob-
served for C60 on Au and Ag, we have carried outab initio
pseudopotential density-functional21,22 calculations. The cal-

FIG. 3. Left column: experimental topographs and scanning tun-
neling spectroscopy images of a single C60 molecule.(a) Topograph
taken at 2.5 V,(b)–(d) dI /dV maps taken atV=2.2 V, 1.0 V, and
−1.7 V, (e) topograph taken at −2.0 V. Right column: simulated
topographs and spectroscopic images obtained from LDA calcula-
tion. Constant current topographs are visualized as 3D rendered
surfaces while spectral maps are visualized as 2D projections.[Ex-
perimental image scale:,20 Å320 Å.].
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culations were performed with a numerical atomic-orbital
basis set using theSIESTA (Ref. 23) code and the local-
density approximation(LDA ) was used for the exchange-
correlation potential. Norm-conserving pseudopotentials
were generated within the Troullier-Martins scheme.24 We
used a double-z pseudoatomic basis set of finite range con-
sisting ofs andd orbitals for Ag and Au atoms, ands andp
orbitals for C atoms.25 The ranges of the orbitals were deter-
mined by fixing the energy shift due to the confinement of
the basis orbitals to be 0.005 Ry as described in Ref. 23. A
supercell containing a C60 molecule and 144 surface atoms in
four atomic layers was chosen for the calculation. The total
energy and charge densities were calculated over a real grid
with an average point spacing of about 0.3 a.u. The C60
molecule was positioned with a 6:6 bond directly above a
substrate atom for both the Au(111) and Ag(100) calcula-
tions. The C60 molecule and the top layer of the substrate
were allowed to relax for energy minimization. LDOS spec-
tra were calculated at eightk points in the Brillouin zone.
The effect of tip trajectory is included in the spectral maps
by calculating the energy-resolved LDOS on constant total
LDOS contours.18

Figure 4(b) shows the theoretically calculated LDOS
spectrum for a C60 molecule on Au(111). Comparison with
the experimental spectra in Fig. 4(a) shows that the position
and width of the theoretical LUMO resonance are well
matched to the data. The theoretical LUMO-LUMO+1 en-
ergy difference for C60/Aus111d is similar to the experimen-
tal value, but is slightly underestimated. The theoretical
HOMO-LUMO gap, however, is significantly smaller than
what is seen experimentally. The C60/Ags100d theoretical
spectrum shown in Fig. 4(d) also does a good job of repro-
ducing the basic energy and width of the experimental
LUMO resonance for this system(the LUMOa-LUMOb

split, though, is not pronounced in the calculation). As with
C60/Aus111d, the theoretical LUMO-LUMO+1 energy dif-
ference for C60/Ags100d is underestimated compared to ex-
periment. In contrast to the C60/Aus111d results, however,
the C60/Ags100d HOMO-LUMO gap comparison is much
closer for the experimental and theoretical spectra seen in
Figs. 4(c) and 4(d).26 It is well known that DFT-LDA calcu-
lated eigenvalues reproduce energy-level spacings well ex-
cept between occupied and unoccupied states.27 This is due
to quasiparticle self-energy effects arising from electron-
electron interactions. Our experimental and theoretical re-
sults are consistent with these expectations and also show
good agreement within the limitations of the DFT method.

The calculated topographs and energy-resolved LDOS
maps for C60 on Au(111) are presented in the right side col-
umn of Fig. 3. Many of the features in the experimental
topographs anddI /dV maps are reproduced in the calcula-
tion, but the inversion seen experimentally between LUMO
and LUMO+1 spectral images is not clearly reproduced.

A significant difference exists in the theoretical charge
redistributions for C60 adsorbed on Au(111) and on Ag(100).
This can be seen in Fig. 5 where we plot the calculated
differential electron density for a single C60 molecule lying
on both a Au(111) and a Ag(100) surface. This plot shows
the change in electron density that occurs in the C60 molecule
and substrate when they are brought together. Thez axis is

FIG. 4. Comparison of electronic structure of individual C60

molecules on Ag(100) and Au(111) surfaces.(a) and (c) show ex-
perimentaldI /dV spectra obtained via STM spectroscopy(spectra
taken at different points on the molecule are all shown together). (b)
and (d) are LDOS spectra obtained via DFT calculation. HOMO
(H), LUMO (L), and LUMO+1sL+1d states are marked on the
experimental spectra. The feature located at −2 V in(b) is derived
from the HOMO-1 state and cannot be seen in(d) because the
C60/Ags100d states are shifted to lower energy.

FIG. 5. (Color) Integrated differential electron density of C60 on
(a) Au(111) and(b) Ag(100) surfaces, obtained through DFT calcu-
lation. Differential electron density is integrated along direction per-
pendicular to the page. Blue color represents an increase in electron
density while red represents a decrease in electron density.
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chosen to be normal to the metallic slab while they axis is
normal to the paper. The plotted differential electron density
has been integrated over they direction. The most significant
deviations in electron density are seen to occur at the
surface-adsorbate interface, where electrons transfer from the
d-like orbitals of the substrate atoms to thepz-like orbitals of
the 6:6 carbon bond. The charge redistribution for C60 on
Au(111) in Fig. 5(a) indicates that the primary absorbate
bonding mechanism here ischarge-neutralpolarization. For
C60 on Ag(100), however, the charge redistribution in Fig.
5(b) shows anet electron transferfrom the substrate to the
molecule, and the absorbate bonding mechanism is a combi-
nation of polarization and ionization.

The C60 charge transfer and bonding mechanisms can be
seen better in Fig. 6, where we present the theoretical differ-
ential electron density integrated over thexy plane. The re-
sulting charge redistribution for C60 on Au(111) shows posi-
tive and negative oscillations that average to zero, while the
C60 molecule on Ag(100) shows a clear gain in average elec-
tron density to the molecule. To qualitatively calculate the
total charge transfer, we integrate the differential electron
density over the C60 molecule. The precise amount depends
on the integration boundary. Here we define the boundary as
extending from z= +` to the plane located in the
C60-substrate interface region at the point where the inte-
grated differential electron density in Fig. 6 is zero
(z<−4.2 Å for C60/Aus111d and z<−4.6 Å for
C60/Ags100d). This definition yields a charge transfer to the
C60 molecule of 0.15−0.04

+0.00 electron for C60/Ags100d and
0.01−0.06

+0.00 electron for C60/Aus111d. The uncertainty in these
values is calculated by redefining the C60 charge-transfer
boundary by ±0.5 Å. This is consistent with our experimen-
tally measured STM spectra, which show the LUMO states
of C60 on Au(111) to be well aboveEF (and therefore empty)
and the LUMO states of C60 on Ag(100) to be partially be-
low EF (and therefore partially filled).

Our charge-transfer values can be contrasted with values
obtained in photoemission experiments of C60 monolayers on
Ag(100) and Au(111) substrates, where charge transfers of
1.7 and 0.8 electrons to C60 are claimed,8 much larger values
than seen here. One possible reason for this inconsistency is
that photoemission experiments are done on monolayers,
while here we examine isolated molecules. C60 monolayers
and isolated C60 adsorbates differ in the quality of the C60
-C60 and C60-substrate bonding. Our STM studies of C60
monolayers on Ag(100),19 however, indicate that
C60/Ags100d monolayers exhibit even less charge transfer
than monomers, so this explanation is problematical. Though
differences between PES and STS results might be caused by
variations in sample preparation(such as adsorption tem-
perature), the exact nature of the discrepancy in the charge
transfer deduced from the two experiments is not well under-
stood at this point.

IV. DISCUSSION

To understand the differences between our experimentally
measured C60 spectra on Au and Ag substrates, we first con-
sider the work function difference between these substrates.
Because all of the molecules in this study are most likely to
be in the physisorbed regime, work-function differences can
be expected to play an important role in determining molecu-
lar properties. The work function of Ag(100) is 4.6 eV, 0.7
eV lower than that of Au(111).28 If we assume that the elec-
tron affinity of C60 is not strongly changed by adsorption to
Ag or Au, then we expect the LUMO state for C60 to lie
closer toEF for Ag than for Au by an amount approximately
equal to the Au-Ag work-function difference. This provides a
rough explanation as to why the C60 LUMO state is experi-
mentally about 0.6 eV lower for Ag(100) than for Au(111)
relative toEF. This lowering of the C60 LUMO energy on Ag
allows the C60/Ags100d LUMO state to cross the Fermi en-
ergy and induce charge transfer to the molecule.

The Au-Ag work-function difference itself, however, is
not adequate to explain the difference in HOMO-LUMO gap
observed experimentally between the two substrates. We be-
lieve this arises from a difference in C60 charging energies
for the two molecule/substrate systems. This can be under-
stood by considering the charging energysUd arising from
Coulomb repulsion between two electrons in a C60 molecule.
For anN-electron molecule with charging energyU, the en-
ergy of the system can be approximated as

EN = o
i=1

N

s«i − md +
DNsDN − 1d

2
U, s1d

whereDN=N−N0 represents the net charge of the molecule
(N0 is the number of electrons in the neutral molecule) and«i
represents the mean-field molecular energy levels. Herem
represents the chemical potential of the substrate upon which
the molecule is adsorbed and the summation is over all filled
states. The second term represents the Coulomb energy re-
quired to charge the molecule. In a tunneling or photoemis-
sion experiment, one electron is added or removed from the
molecule by providing the energy difference between the fi-

FIG. 6. Integrated differential electron density(in units of elec-
tron number/Å) of C60 on Au(111) and Ag(100) (positive regions
have more electrons, negative regions have fewer electrons). Thez
axis is normal to the substrate surface and the differential electron
density is integrated over thexy plane. Vertical dashed lines show
the center position of atoms at the top and bottom of the metal
slabs, as well as at the top and bottom of an adsorbed C60 molecule.

CHARGE TRANSFER AND SCREENING IN INDIVIDUAL… PHYSICAL REVIEW B 70, 115418(2004)

115418-5



nal charged excited state and the ground state. The energy
needed to add one electron to the LUMO state(labeled by
«LUMO) of the neutralsN=N0d molecule is

DE+1 = EN0+1 − EN0
= «LUMO − m. s2d

On the other hand, the energy required for removing one
electron from the HOMO state(labeled by«HOMO) is

DE−1 = EN0−1 − EN0
= − «HOMO + m + U. s3d

The HOMO-LUMO gap seen by tunneling or photoemission
can be found by adding these excitation energies:

DEgap= DE+1 + DE−1 = «LUMO − «HOMO + U. s4d

The difference«LUMO −«HOMO has been found from photo-
emission experiments to be 1.7 eV for gas phase C60

−.7 As-
suming that the presence of the surface does not significantly
change «LUMO −«HOMO,18 the value of the C60 adsorbate
charging energy can be found by subtracting 1.7 eV from our
experimentally measured HOMO-LUMO gaps. This proce-
dure leads to estimatedU values of 1.0 eV for C60 on
Au(111) and 0.4 eV for C60 on Ag(100). For comparison, the
U value derived from photoemission results using the same
procedure is 0.4 eV and 0.5 eV for C60/Aus110d and
C60/Ags110d, respectively.6 Our STM results show a reverse
trend compared to photoemission for the Ag and Au sub-
strates, as we measure aU value for C60 on Au that is sig-
nificantly larger thanU for C60 on Ag.

The difference in C60 charging energies that we observe
for Au(111) and Ag(100) is attributed to the different screen-
ing behavior induced by these two substrates. In the absence
of a substrate, the value ofU for isolated C60 has been mea-
sured to be 3.2 eV.7 For solid C60, the value ofU is reduced
by half to 1.6±0.2 eV, as observed by Auger spectroscopy.29

Using theU values derived from our experimental spectra,
screening by the Au(111) substrate is seen to reduce the C60
charging energy by about a factor of 3 from the isolated
state, while screening by Ag(100) reduces it by a factor of 8.
The relatively stronger screening for C60 on Ag(100) can be
explained by charge transfer to the molecule on that surface.
This transfer results in a net surplus of charge on the mol-
ecule atEF, which contributes to enhanced electronic screen-
ing in C60 on Ag(100). Au(111), by contrast, appears to in-
duce no such charge transfer according to our STM results
and theoretical analysis. Since C60/Ags100d has a higher
density of states atEF we expect it to be more polarizable
and to thus behave more “metallic” than C60 on Au(111)
[resulting in a lower charging energy for C60/Ags100d].

One might alternatively attribute the spectral shifts we
have observed for C60 molecular states on Au and Ag sub-
strates to differences in chemical bonding rather than a
screened Coulomb interaction. We believe this alternative is
unlikely for these physisorbed systems. This is supported by
the fact that the observed LUMO-LUMO+1 energy gaps are
nearly identical for C60 on Ag(100) and Au(111), and our
energy-resolved spectral maps show nearly identical
molecular-orbital features for C60 HOMO, LUMO, and
LUMO+1 states on both substrates[assuming LUMOb is
used for C60/Ags100d]. If the chemical bonding details were
significantly different for these two substrates then we would
expect a greater variation in these properties. In addition, our
LDA calculations show an absence of charge accumulation at
the C60-substrate interface, suggesting an absence of strong
covalent bonding for both substrates. The splitting between
LUMOa and LUMOb for C60/Ags100d, however, while sug-
gested by LDA calculations,18 cannot be quantitatively ex-
plained. Jahn-Teller splitting may play a role here.30

V. CONCLUSION

In conclusion, we have studied the effects of charge trans-
fer (and the lack of it) for individual C60 molecules adsorbed
onto Au(111) and Ag(100). We have performed spatially re-
solved spectroscopic measurements across individual C60
molecules on Au(111). We observe a HOMO-LUMO gap
increase of 0.6 eV, as well as suppressed LUMO splitting, for
C60 molecules on Au(111) compared with Ag(100). Our
spectroscopic measurements allow us to infer that the C60
intramolecular Coulomb energy is 0.6 eV higher for C60 on
Au(111) than for C60 on Ag(100). This difference is ex-
plained as the result of increased screening for C60 on
Ag(100) relative to Au(111) due to an increase in the elec-
tronic density of states atEF when C60 is adsorbed onto
Ag(100). Such an interpretation is supported by LDA calcu-
lations which indicate that negligible charge is transferred
from Au(111) to adsorbed C60, while about 0.2 of an electron
is transferred to C60 adsorbed onto Ag(100).
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