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A1. Fitting Procedure : XPS, UPS and IPES

Fig. S1 Evolution of (a) core level-, (b) valence level-, (c) unoccupied states in dependence of the C60 coverage.

XPS: Fig. S1(a) :

The C1s spectra for increasing C60 coverages are fitted with either two or three Gaussian singlet 
peaks (FWHM: ~0.6-0.7 eV) attributed to the charged (red spectra) and neutral (green spectra) 
C60-molecules within the monolayer, plus the multilayer contribution (blue spectra, from 1 Å 
on). The energy separation between the neutral and charged C60-C1s in the monolayer was kept 
constant (0.7 eV) for all the coverages.

UPS: Fig. S1(b) and Fig. S2 :

Fig. S1(b) shows in detail the valence level region for increasing C60 coverages with the best fit 
for each spectrum.

The detailed procedure for the deconvolution is illustrated in Fig. S2. The valence-level-
spectrum (black) for 0.25 Å C60 deposited on Au-supported MoO3 is shown at the top Fig. S2.(a). 
The pristine MoO3 spectrum (red) is scaled such that the result of its subtraction from the thin 
film spectrum yields no negative intensity. The remaining spectral intensity (residual grey 
spectrum) is attributed to the adsorbed C60 molecules. This residual is then reconstructed1-4 by 
employing two thick film C60 spectra scaled in intensity (as determined from fit of the C1s 
spectra, see Table S1) and shifted appropriately, as depicted in Fig. S2(b). These components 
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(red and green) correspond to the neutral and charged C60 molecules within the monolayer. 
Their sum yields the blue spectrum which shows remarkable agreement with the C60 residual 
spectrum. Noteworthy, invoking only one C60-component in the fit, one cannot reproduce the 
C60-residual.

Fig. S2 Illustration of the applied valence band fitting procedure: (a) From a 0.25 Å-C60 –spectrum (black) a suitably scaled 
pristine substrate contribution (red) is subtracted, yielding a C60-derived residual spectrum (dark gray). An even larger pristine 
substrate contribution would cause negative spectral intensity in the residual spectrum at about 3 eV binding energy (marked 
by the arrows.)  (b) Summing two thick film C60-contributions, that are split by 0.7 eV (red: cations, green: neutral molecules), 
results in the blue spectrum, that remarkably well agrees with the obtained C60-derived residual. 

IPES: Fig S1.c) Fig. S3

The presented IPE-spectra result from the averaging of typically one hundred individual spectra. 
Potential degradation or charging effects during the experiments could be ruled out by carefully 
comparing a series of spectra recorded at the beginning, in the middle and at the end of the 
measurements.

The C60-derived features as measured in IPES are relatively faint but become observable by 
subtracting the substrate contribution from the thin film spectrum. This is shown in Fig. S3(a) for 
1 Å C60. The intensity of the substrate is normalized, as for UPS, such that no negative intensity 
appears in the residual spectrum. This residual intensity is attributed to the C60 molecules 



4

adsorbed on the surface. As can be further seen in Fig. S3(a), this remaining intensity shows an 
excellent agreement with the theoretical DOS (red spectrum) as obtained from DFT.

Fig. S3 Illustration of the applied IPES-fitting procedure: (a) From a 1 Å-C60 –spectrum (black) a suitably scaled pristine 
substrate contribution (red) is subtracted, yielding a C60-derived residual spectrum (black). A larger pristine substrate 
contribution would yield negative spectral intensity in the residual spectrum at about -1 eV binding energy (marked by the 
arrows.)  (b) Summing the cation-(red), neutral molecules in the monolayer- (green), and the multilayer-(blue) contributions 
invoking the ratios, that are obtained by XPS-fitting at the same C60-coverage (Tab.1), results in a (blue) sum spectrum. This 
shows good agreement with the obtained C60-derived residual.

This residual is consequently devonvoluted by employing thick film C60 IPE spectra scaled in 
intensity (according to the fit of the C1s spectra, see Table S1) and shifted appropriately. In Fig. 
S3(b), the green and red components correspond to the neutral and charged C60 molecules 
within the monolayer, plus the (blue) multilayer contribution. Their sum yields the blue 
spectrum which agrees well with the C60 residual spectrum. A closer look in the vicinity of the 
Fermi level also reveals the emergence of the C60-derived interface DOS which is attributed to 
the upper HOMO-derived sub-level (see discussion in the main text). 

Note that this interface DOS does not vanish upon applying different physically reasonable 
subtraction procedures (e.g., such that no negative intensity occurs in the residual spectrum). 
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Fig. S4 Comparison of C60-derived residuals on 1.2 nm MoO3 and on a TiO2(111) single crystal. 
For 1 Å C60 deposited on 1.2 nm MoO3, an additional feature assigned to the upper HOMO-
derived sub-level is found in the vicinity of the Fermi-level. In contrast, for the residual 
spectrum of 1 Å C60 deposited on TiO2, this feature is absent. 

We further show that the presence of the (empty) HOMO-derived feature is specific to the 1 Å 
C60 / 1.2 nm MoO3-interface. Indeed, as an control experiment using the very same setup, the 
measurements carried out on 1 Å C60 deposited on TiO2(111) (top spectrum of Fig. S4) do not 
exhibit this particular feature. This is consistent with the expectations as on TiO2(111),  neither 
the C60 HOMO- nor LUMO-level are EF-pinned  and therefore no charge transfer does occur.

 In addition, the presence of the spectral feature is largely supported by the DFT calculations.   
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Tab. S1 Evolution of the spectral weight (%) of the three different C60-contributions [cation C60
+(ML), neutral molecule C60

0 
(ML), molecule C60

multilayer ] for XPS/UPS/IPES.

XPS UPS IPES
C60

+ C60
0 C60

multilayer C60
+ C60

0 C60
multilayer C60

+ C60
0 C60

multilayer

Nominal 
thickness 

(Å) (%) (%) (%)
0.25 44 56 43 57
0.5 40 60 35 65
1 25 58 17 19 60 21 15 56 29
2 15 49 36 13 52 35 13 52 35
6 9 20 71 32 62 12 36 52

30/50 - 100 100 100

A2 Band bending

The C60-coverage dependent evolution of the work function (WF) is shown in Fig. S5 upon C60-
monolayer formation, the WF decreases from 6.8 eV to 6.2 eV, which is attributed to electron 
transfer from a fraction C60 molecules to the substrate, as discussed in the main text. Beyond 
ML-formation, the WF further decreases with increasing coverage, indicating band bending 
within the bulk C60. An analogue behavior for the case of LUMO-Pinned C60 has been recently 
shown for the system C60/NaCl/Ag(111)4.

Applying the model from Refs4, 5 on our system, we used: The DOS of each layer is modeled by 
two Gaussian of (sigma=0.25), with onsets at the measured IE=6.4 and measured EA=4.0 eV, 
taking into account the respective orbital degeneracy (HOMO:5 and LUMO:3). A “pushback” – 
like effect is known to occur upon the organic monolayer formation on oxide surfaces, which 
amounts to ≈0.3 eV 6. This effect is taken into account adding a linear work function 
contribution of 0.33 eV in the monolayer regime7. Therefore, instead of the measured pristine 
substrate work function of 6.8 eV, ≈6.45 eV are effectively taken into account for the 
electrostatic model. Indeed, with included “pushback”-effect, we find excellent agreement with 
the experimentally observed work function changes even in the submonolayer regime. 

The HOMO-onset as well as the C1s-shifts follow the electrostatic potential. This agreement 
beyond the monolayer is remarkable up to 7 nm. 
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Fig. S5 Comparison between the measured work function, HOMO-level and C1s-level shift with the calculated potential 
decrease within the C60 film. 
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