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We have used scanning tunneling microscopy and spectroscopy to study the electronic structure of indi-
vidual Gsg molecules adsorbed onto the @Adl) and Ag100 surfaces. g molecules on A(l1l) show an
increase in the HOMO-LUMO gap of 0.6 eV compared tg, ©n Ag(100). Splitting of the Go LUMO
manifold is suppressed forggon Au(111), in contrast to the strong splitting observed fop©n Ag(100). Our
data implies a 0.6 eV increase in intramolecular Coulomb energy §go& Au(111) as compared to £ 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 geometgysbstrate bonding and charge
transfer is further investigated by calculatingg€harge redistribution usingb initio pseudopotential density-
functional theory methods. These calculations indicate that a negligible amount of charge is transferred from
Au(11)) to adsorbed g, while about 0.2 electron is transferred tgy@esting on Ag100), although the precise
amount depends on the definition used. This charge transfer likely changes the electronic screening properties
of Cgq, providing an explanation for observed spectroscopic differences on these two substrates.
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l. INTRODUCTION phase G, and G, photoemission has shown a HOMO-
LUMO gap of 4.9 eV for isolated .’ Photoemission and
The G molecule is the most common fullerene and hasinverse photoemission on & monolayers have shown a
been used as a basic component in a variety of new carbaddOMO-LUMO gap of 2.1 eV, 2.2 eV, and 3.2 eV forggon
nanostructures, including endohedral fullerehegeapod  Au(110), Ag(110), and Cyl1l), respectively These tech-
nanotubes, Cg, dimers? and single-molecule transistdt$n  niques suggest charge transfers of 0.8, 1.7, and 1.6 electrons
addition to their flexibility as nanostructural building blocks, gained per G, molecule for undoped g monolayers on
fullerene systems can also be electronically tuned from semiau(111), Ag(100), and Cul111), respectively:® On n-type
conducting to superconducting behavior via charge dofbing.GaAs(llo) substrates, charge transfer of less than 0.02
Understanding the electronic properties qf @olecules in  electron/molecule to g was reported. Other techniques,
these different environments is critical for understanding anguch as electron energy-loss spectrosé@have also been
predicting the behavior of newggderived molecular struc- used to measure the charge transfer from substrateggo C
tures and devices. monolayer, but with a relatively larger uncertainty of +1
One of the most fundamental properties gf €Electronic  electron per molecule.
structure is the energy location of the lowest unoccupied Measurement of the local electronic structure of indi-
molecular-orbital (LUMO) and the highest occupied vidual Gy molecules has also been performed via scanning
molecular-orbital( HOMO) states, both of which can be tunneling microscopy and spectroscof§TM/STS. STM/
changed by substrate-induced charging effects. Charge tran§TS has the advantage that it can provide both good spatial
fer, intramolecular Coulomb energy)), and screening ef- and good spectroscopic resolution, and can also investigate
fects all play an important role in determining the HOMO both filled and empty state behavior. Previous STM studies
and LUMO level structure of adsorbedy£In general, in- have revealed the topographic features gf @olecules ad-
tramolecular Coulomb repulsion changes the energy requiresbrbed to various metdt!® and semiconductifg surfaces.
for electrons to be either added or removed from an adsorbefunneling spectra of g molecules on semiconductby,
molecule during a measurement, thus increasing observadetall® and insulating layet$ have shown features attrib-
HOMO-LUMO gaps by U in photoemission/inverse- uted to HOMO and LUMO molecular states. Recently, the
photoemission and electron-tunneling experiments. Screemnergy-resolved spatial distribution of molecular orbitals de-
ing by a substrate, however, tends to reduce Coulomb reputived from the HOMO, LUMO, and LUMO+1 states was
sion and thus also influences the HOMO-LUMO gap seen irobtained for individual @, molecule$®® and G
electron spectroscopies. In this paper we gain insight into thenonolayer$® adsorbed onto Ag00).
screened electronic structure ofg@nolecules by performing Here we present STM/STS experimental data and theoret-
a comparative scanning tunneling spectroscopy studyggf C ical results obtained for individual g molecules deposited
on two surfaces having very different work functions: onto Au11l), and we compare these to our previous results
Au(111) and Ag100). for Cgo 0n Ag(100).28 We observe distinct differences in the
Ceo electronic structure has already been studied extenexperimental G, spectra obtained for these two substrates,
sively via photoemission and inverse photoemis§idrGas  the most significant of which is a 0.6 eV shift to higher
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FIG. 1. Constant current topographs of individugh@olecules
having different orientations on the ALL1) surface atT=7 K (V Lo
=2.0 V,1=0.3 nA). The topmost features afe) a hexagon ring(b)
a 6:6 bond,(c) a 5:6 bond,(d) an apex atom, an¢e) a pentagon
ring, respectively.
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energy for Gy empty state peaks on AlLLL), which leads to 0.0 IR T Bl DTS TY
an increased HOMO-LUMO gap forggon Au versus Ag. -2 -1 0 1 2
While the leading edge of the g& LUMO resonance on Sample Bias (V)

Ag(100) intersects the Fermi energEg), the same reso- _
nance peak on Al11) does not. In addition, we see a sup- FIG. 2. dl/dV spectra of a single § molecule on Aglll) at

pression in the experimental splitting of thg, CUMO reso- T=7 K. Spectra 1-9 were taken at indicated spots on the inset im-
nance on Awlll) compared to what is seen forggCon — 39€ and are shifted vertically for clarity. Tunneling parameters were

Ag(100). Energy-resolved spectral density maga real V=2.0 V,I_:1.0 nA before taking the spectra. The dashed spectrum
spacg of the HOMO, LUMO, and LUMO+1 derived states was obtained from the bare Alll) surface.[Image scale is
for Cgg on Au(111) and Ag100) are nearly identical despite ~20 AX20 A).

t_he differences seen spectroscopically in energetic peak IOC%'cules reside both at Au step edges and on the Au terrace
tions. The energy differences observed between these re a&i

nance peaks allow us to determine that the intramolecularemace adsorbates were mainly found at corner sites of the
Coulompb energy for G on Au(111) is 0.6 eV larger than for erringbone reconstructipn We carefully examined
Cso 0N Ag(100). We believe that the reduced observed for 90 Ggo molecules on AWLL) using many different tips,

Cop 0N AQ(100) is due 1o increased sereening arising from and observed five distinct molecular orientatigeown in
60 -ning g fron Fig. 1). The fivefold segments seen on the molecules arise
charge transferred to the molecule on this surface. This i

L . from Cg pentagon ring$ and can be used to deduce the
;(ueg():rtiectﬁg??hézry?glé,;'e)rgglcsétighni Sfﬁgtw tgi:ar?;‘rercigsrgty molecular orientation. The topmost features in the five orien-
of about 0.2 electron per molecule on 3g0) and a negli- tations shown aréa) a hexagon ring¢b) a 6:6 bondi.e., the

) bond separating two adjacent hexagon nngs a 5:6 bond
gible amount of charge transfer fos4on Au111). (i.e., the bond separating a pentagon ring and a hexagon

ring), (d) an apex atom, an¢e) a hexagon ring. These ori-
entations were observed with an approximate distribution of
38%, 35%, 13%, 8%, and 6%, respectively. Each orientation
Our experiments were conducted using a homebuilt ultrahas been observed both at step edges and at terrace sites on
high vacuum(UHV) STM. The single-crystal A@11) sub-  Au(11l).
strates were cleaned in UHV and dosed witk Efter being The local electronic structure of & adsorbates can be
cooled to 7 K.dI/dV spectra were measured through lock-in measured via differential conductan@/dV) spectroscopy.
detection of the ac tunneling current driven by a 450 Hz, 10Figure 2 shows typicatll/dV spectra measured at nine dif-
mV (rms) signal added to the junction bias under open-loopferent spots over a single & molecule adsorbed to the
conditions(bias voltage here is defined as the sample potenAu(111) surface. There are three main resonance peaks ob-
tial referenced to the tjp dI/dV images were acquired by served in the +2.5V energy range, and the amplitude of
positioning the STM tip at each point at constant currentthese peaks varies strongly over the surface of a single mol-
and then measurindl/dV. All data shown were acquired at ecule. Based on the measured spectra-46 molecules on
T=7 K. Au(111), we determine that the resonances are centered at
Figure 1 shows representative20 Ax 20 A topographs -1.7+0.2V (HOMO), 1.0+0.2V (LUMO), and
of Cgo molecules on the AW1l) surface. Less than 0.01 2.2+0.2 V(LUMO+1). We have observed no obvious de-
monolayer of Gy was deposited onto Alill), so the Gy  pendence of the & electronic structure on molecular orien-
molecules were widely separated. We found thgg @ol-  tation. Pronounced differences are observed between these

Il. EXPERIMENTAL RESULTS
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spectra and the spectra obtained fgg @1 Ag(100) (Ref. 18
[for convenience, the §&/Ag(100 spectra from Ref. 18 are

reproduced in Fig. 4, where they can be directly compared to Ceo / Au(111) 11 » &’/;f
the Gyo/Au(11l) datg. First, the LUMO and LUMO+1 ’\}\)x,"
states of Gy on Au(111) are shifted up in energy with respect Experiment Theory

to Er by 0.6 V. Second, there is no clear splitting of the
LUMO states on Adlll), while Gy spectra on A@LOO)
show a strong 0.4 V splitting and an enhancement of the
local density of stategLDOS) in the vicinity of Eg. Third,

the HOMO-LUMO gap for Gy on Au(11l) is significantly
larger than that for g, on Ag(100).

The spatial inhomogeneity of the spectra observed fgr C
arises from the LDOS distribution of the different molecular
orbitals. In order to experimentally untangle the behavior of
individual Gsy molecular orbitals, one must perform energy-
resolved spectral mapping of the molecule. This is accom-
plished by spatially mappingll/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 Gy molecule taken at the energies of the three reso-
nances observed in the spectra g 6n Au(111) (all images
shown in Fig. 3 were acquired with the same tiphedl/dV
map of the highest energy resonafi2ze V, Fig. 3b)] shows
clearly resolved “bright rings,” indicating LDOS buildup at
the expected sites of g 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 stat€-1.7 V) 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 g on Ag(100), we label the weak
Ceo/ Ag(100 resonance aEr as LUMO, and the stronger
resonance at 0.4 eV as LUNMQsee Fig. 4c)]. The spectral
maps observed for &/ Au(111) in Fig. 3 are nearly identical FIG. 3. Left column: experimental topographs and scanning tun-
to spectral maps previously observed for the HOMO,neling spectroscopy images of a singlg,@olecule (a) Topograph
LUMOy, and LUMO+1 resonances ofsgon Ag(100) [no  taken at 2.5 V(b)«d) dI/dV maps taken a¥=2.2'V, 1.0 V, and
Cso/ Au(111) resonance has a density pattern similar to that-1.7 V, (e) topograph taken at -2.0 V. Right column: simulated
seen for LUMQ,.18 topographs and spectroscopic images obtained from LDA calcula-

Quantitatively determining the HOMO-LUMO gap for tion. Constqnt current topographs.are.visualized as .SD rendered
Ceo ON AU(11Y) is straightforward because the HOMO and surfaces whlle spectral maps are visualized as 2D projecti&ms.
LUMO resonances are each well-defined single peaks in theefimental image scale:20 Ax20 A.

STM spectroscopic data. The energy difference between the
centers of these peaks yields a HOMO-LUMO gap ofbutions, in contrast to what is seen for LUNMONext, the
2.7+0.2 eV for Gy adsorbed to A(111). energy of the Gy/ Ag(100 HOMO resonance is determined

Determining the corresponding HOMO-LUMO gap for by fitting the downward slope of the HOMO shoulder to a
Ceo On Ag(100) is considerably more difficult because only line and then finding the intercept of this line with the LDOS
the falling edge of the HOMO resonance is experimentallybaseline. The HOMO peak center is then located below this
well defined for STM spectra in this system, and the LUMOenergy by an amount equal to half the full width of the
resonance is split into the LUMQand LUMO;, peaks[see HOMO resonance. If we assume that the/@g(100
spectra reproduced in Fig(c}]. In order to quantitatively HOMO resonance has the same width as thg/&u(111)
compare the HOMO-LUMO gap of the @Ag(100 and HOMO resonance, then this distance is 0.3&8uch a pro-
Ceo/ Au(111) systems, we define the HOMO-LUMO gap for cedure yields a HOMO-LUMO gap of 2.1+0.2 eV forgC
Ceo/ Ag(100 in the following manner. We first choose the on Ag(100).
Ceo/ Ag(100 LUMO, resonance to compare with the
LUMO resonance of g/Au(111). The reason for this
choice is that the LUMO-LUMO+1 energy difference is the
same for Go/Ag(100 and G/ Au(11D) if LUMO 4 is used. To understand the differences in electronic structure ob-
Spectral maps of the g/ Ag(100 LUMO, state and the served for Gy on Au and Ag, we have carried oab initio
Ceo/ Au(111) LUMO state also show identical density distri- pseudopotential density-functiodaf? calculations. The cal-

Ill. DFT-LDA CALCULATIONS
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and width of the theoretical LUMO resonance are well
matched to the data. The theoretical LUMO-LUMO+1 en-
ergy difference for Gy/ Au(111) is similar to the experimen-

tal value, but is slightly underestimated. The theoretical

FIG. 4. Comparison of electronic structure of individua,C

molecules on AGL00) and Au111) surfaces(a) and (c) show ex- HOMO-LUMO gap, however, is significantly smaller than

perimentald!/dV spectra obtained via STM spectroscagpectra what is seen experimentally. ThegdLAg(100) theoretical
taken at different points on the molecule are all shown toggtter ~ SPECtrum shown in Fig.(d) also does a good job of repro-
and (d) are LDOS spectra obtained via DFT calculation. HOMo ducing the basic energy and width of the experimental
(H), LUMO (L), and LUMO+1(L+1) states are marked on the LUMO resonance for this systenthe LUMO,-LUMO,
experimental spectra. The feature located at —2 Vbinis derived  SPlit, though, is not pronounced in the calculagiohs with
from the HOMO-1 state and cannot be seen(dy because the Cgo/ AU(11D), the theoretical LUMO-LUMO+1 energy dif-
Cso/ Ag(100 states are shifted to lower energy. ference for Go/ Ag(100) is underestimated compared to ex-
periment. In contrast to the g Au(111) results, however,
culations were performed with a numerical atomic-orbitalthe G/ Ag(100 HOMO-LUMO gap comparison is much
basis set using thesIESTA (Ref. 23 code and the local- closer for the experimental and theoretical spectra seen in
density approximatiolLDA) was used for the exchange- Figs. 4c) and 4d).?° It is well known that DFT-LDA calcu-
correlation potential. Norm-conserving pseudopotentialdated eigenvalues reproduce energy-level spacings well ex-
were generated within the Troullier-Martins scheffhalMe  cept between occupied and unoccupied st&t@his is due
used a doubl€-pseudoatomic basis set of finite range con-to quasiparticle self-energy effects arising from electron-
sisting ofs andd orbitals for Ag and Au atoms, arglandp  electron interactions. Our experimental and theoretical re-
orbitals for C atomsg® The ranges of the orbitals were deter- sults are consistent with these expectations and also show
mined by fixing the energy shift due to the confinement ofgood agreement within the limitations of the DFT method.
the basis orbitals to be 0.005 Ry as described in Ref. 23. A The calculated topographs and energy-resolved LDOS
supercell containing adgmolecule and 144 surface atoms in maps for Gy on Au(111) are presented in the right side col-
four atomic layers was chosen for the calculation. The totaumn of Fig. 3. Many of the features in the experimental
energy and charge densities were calculated over a real gridpographs andll/dV maps are reproduced in the calcula-
with an average point spacing of about 0.3 a.u. Thg C tion, but the inversion seen experimentally between LUMO
molecule was positioned with a 6:6 bond directly above aand LUMO+1 spectral images is not clearly reproduced.
substrate atom for both the fll1) and Ag100) calcula- A significant difference exists in the theoretical charge
tions. The Gy molecule and the top layer of the substrateredistributions for Gy adsorbed on A@i11) and on Ag100).
were allowed to relax for energy minimization. LDOS spec-This can be seen in Fig. 5 where we plot the calculated
tra were calculated at eight points in the Brillouin zone. differential electron density for a singleggmolecule lying
The effect of tip trajectory is included in the spectral mapson both a Aglll) and a Ag100) surface. This plot shows
by calculating the energy-resolved LDOS on constant totathe change in electron density that occurs in tlgrolecule
LDOS contourg? and substrate when they are brought together. Zhgis is
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Our charge-transfer values can be contrasted with values
obtained in photoemission experiments gf @ionolayers on
Ag(100) and Au11l) substrates, where charge transfers of
1.7 and 0.8 electrons toggare claimed, 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 moleculegy @0nolayers
and isolated G, adsorbates differ in the quality of theg£
-Cgp and Ggg-substrate bonding. Our STM studies of,C
monolayers on A@00),*°® however, indicate that
Cso/ Ag(100 monolayers exhibit even less charge transfer
than monomers, so this explanation is problematical. Though

Integrated differential electron density (e/A)

differences between PES and STS results might be caused by
variations in sample preparatiqisuch as adsorption tem-
peratureg, the exact nature of the discrepancy in the charge
transfer deduced from the two experiments is not well under-
stood at this point.

02| .

Z (A)

FIG. 6. Integrated differential electron density units of elec-
tron number/A of Cgo on Au(111) and Ag100) (positive regions
have more electrons, negative regions have fewer elegtrohe z

axis is normal to the substrate surface and the differential electron ) )
density is integrated over they plane. Vertical dashed lines show 10 understand the differences between our experimentally

the center position of atoms at the top and bottom of the metameasured g, spectra on Au and Ag substrates, we first con-
slabs, as well as at the top and bottom of an adsorkganGlecule.  sider the work function difference between these substrates.
) . o Because all of the molecules in this study are most likely to
chosen to be normal to the metallic slab while thexis is  pe in the physisorbed regime, work-function differences can
normal to the paper. The plotted differential electron densityye expected to play an important role in determining molecu-
has been integrated over thelirection. The most significant |5, properties. The work function of Ag00) is 4.6 eV, 0.7
deviations in electron density are seen to occur at thw, |ower than that of AWL11).28 If we assume that the elec-
surface-adsorbate interface, where electrons transfer from t'??on affinity of Cy, is not strongly changed by adsorption to
d-like orbitals of the substrate atoms to thelike orbitals of Ag or Au, then \?ve expect the LUMO state forgQto lie
B e g el 01 O e Ioser to or Ag thanfo Auy an amount aproxmatl
bonding mechanism here @harge-neutralpolarization. For ?gﬁ;} tg;glir?;[}gr? z‘;‘f:g’&ﬁ;ﬁﬁ&gﬁﬁgcz't;g?spé?(\ggﬁ_s a

Cso ON Ag(100, however, the charge redistribution in Fig.
5(b) shows anet electron transfefrom the substrate to the Mentally about 0.6 eV lower for AG00) than for A 11l)

molecule, and the absorbate bonding mechanism is a comyilative toEg. This lowering of the G, LUMO energy on Ag
nation of polarization and ionization. allows the Go/Ag(100 LUMO state to cross the Fermi en-
The Gy, charge transfer and bonding mechanisms can b€rgy and induce charge transfer to the molecule.
seen better in Fig. 6, where we present the theoretical differ- The Au-Ag work-function difference itself, however, is
ential electron density integrated over thgplane. The re- not adequate to explain the difference in HOMO-LUMO gap
sulting charge redistribution forgon Au(111) shows posi- observed experimentally between the two substrates. We be-
tive and negative oscillations that average to zero, while théieve this arises from a difference inggcharging energies
Cgo molecule on Ag100) shows a clear gain in average elec- for the two molecule/substrate systems. This can be under-
tron density to the molecule. To qualitatively calculate thestood by considering the charging enerdy) arising from
total charge transfer, we integrate the differential electrorcoulomb repulsion between two electrons in @ @olecule.

density over the g, molecule. The precise amount dependsgor anN-electron molecule with charging energy the en-
on the integration boundary. Here we define the boundary aSrgy of the system can be approximated as

extending from z=+o to the plane located in the
Cso-Substrate interface region at the point where the inte-
grated differential electron density in Fig. 6 is zero
(z=-42 A for GCyp/Au(1ll) and z=-46A for

Ce0o/Ag(100). This definition yields a charge transfer to the where AN=N-N, represents the net charge of the molecule
Ceo molecule of 0.1507 electron for Go/Ag(100 and (N, is the number of electrons in the neutral molegalede;
0.01ﬁ8:88 electron for Go/Au(111). The uncertainty in these represents the mean-field molecular energy levels. Here
values is calculated by redefining the,CGcharge-transfer represents the chemical potential of the substrate upon which
boundary by +0.5 A. This is consistent with our experimen-the molecule is adsorbed and the summation is over all filled
tally measured STM spectra, which show the LUMO statesstates. The second term represents the Coulomb energy re-
of Cgo0n Au(112) to be well aboveEg (and therefore empjy  quired to charge the molecule. In a tunneling or photoemis-
and the LUMO states of §g on Ag(100) to be partially be- sion experiment, one electron is added or removed from the
low Eg (and therefore partially filled molecule by providing the energy difference between the fi-

IV. DISCUSSION

N

AN(AN-1
Eu= 3 (o1 )+ S0

, 1
2 > (1)
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nal charged excited state and the ground state. The energy One might alternatively attribute the spectral shifts we
needed to add one electron to the LUMO std#beled by  have observed for §g molecular states on Au and Ag sub-

g umo) Of the neutra(N=Np) molecule is strates to differences in chemical bonding rather than a
screened Coulomb interaction. We believe this alternative is
AE.; = Enge1~ En, = £LUMo ~ 12 (2 unlikely for these physisorbed systems. This is supported by

the fact that the observed LUMO-LUMO+1 energy gaps are
On the other hand, the energy required for rgmoving ONgearly identical for G on Ag(100) and Au111), and our
electron from the HOMO statgabeled byeyomo) is energy-resolved spectral maps show nearly identical
molecular-orbital features for & HOMO, LUMO, and
LUMO+1 states on both substratgassuming LUMQ is
used for Go/ Ag(100)]. 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
ABgap= A+ AB-1 = &Lumo ~ eHomo + U @ the Gy-substrate interface, suggesting an absence of strong
The differencee, ymo —enomo has been found from photo- covalent bonding for both substrates. The splitting between
emission experiments to be 1.7 eV for gas phagg.CAs-  LUMO, and LUMO; for Cqo/ Ag(100), however, while sug-
suming that the presence of the surface does not significantiyested by LDA calculation cannot be quantitatively ex-
change £, umo —€nomo, e the value of the G adsorbate plained. Jahn-Teller splitting may play a role héte.
charging energy can be found by subtracting 1.7 eV from our
experimentally measured HOMO-LUMO gaps. This proce-
dure leads to estimated values of 1.0 eV for g on In conclusion, we have studied the effects of charge trans-
Au(111) and 0.4 eV for Gy on Ag(100). For comparison, the fer (and the lack of i for individual Cs, molecules adsorbed
U value derived from photoemission results using the samento Au111) and Ag100). We have performed spatially re-
procedure is 0.4 eV and 0.5 eV forgAu(110) and solved spectroscopic measurements across individggl C
Cso/ Ag(110), respectivelf Our STM results show a reverse molecules on A(L11). We observe a HOMO-LUMO gap
trend compared to photoemission for the Ag and Au subincrease of 0.6 eV, as well as suppressed LUMO splitting, for
strates, as we measurelavalue for Gy on Au that is sig- Cgg molecules on A@1l) compared with A¢L00). Our
nificantly larger tharlJ for Cgy 0n Ag. spectroscopic measurements allow us to infer that the C
The difference in g, charging energies that we observe intramolecular Coulomb energy is 0.6 eV higher fojo©n
for Au(111) and Ag100) is attributed to the different screen- Au(11l) than for Gy on Ag(100). This difference is ex-
ing behavior induced by these two substrates. In the absengdained as the result of increased screening f@g Gn
of a substrate, the value &f for isolated Gy has been mea- Ag(100) relative to Ay111) due to an increase in the elec-
sured to be 3.2 eVFor solid G, the value ofU is reduced tronic density of states dEx when Gy is adsorbed onto
by half to 1.6+0.2 eV, as observed by Auger spectrosédpy. Ag(100). Such an interpretation is supported by LDA calcu-
Using theU values derived from our experimental spectra,lations which indicate that negligible charge is transferred
screening by the All1l) substrate is seen to reduce thg C from Au(111) to adsorbed g, while about 0.2 of an electron
charging energy by about a factor of 3 from the isolatedis transferred to g, adsorbed onto Ad00).
state, while screening by At00) reduces it by a factor of 8.
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The HOMO-LUMO gap seen by tunneling or photoemission
can be found by adding these excitation energies:
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