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tion is, if electrons can also be explicitly transferred into sup-
ported, bulk-like C60 islands without any intrinsic charge trans-
fer between the islands and the surface or dopants (adsorbed or
intercalated atomic species). In other words, can we charge C60

islands in a direct manner with electrons, for instance with the
help of an AFM tip? Such type of direct charging would open the
perspective to study charge attachment, stability but also charge
transport in C60 bulk system, which is of particular importance
for applications in, e.g., photo-voltaic.

In this paper, we show that electrons can be indeed transferred
on demand from the AFM tip into single bulk-like C60 islands.
We exemplify this by controlled charge-manipulation experiments
conducted by noncontact AFM (nc-AFM), electrostatic force mi-
croscopy (EFM) and Kelvin probe force microscopy (KPFM) in
ultrahigh vacuum. Elementary surface charges could have been
detected in the past by EFM35,36 and KPFM37,38 with nanometer
resolution, and elementary charges have also been explicitly in-
jected from the tip to the surface39,40. We conducted experiments
on the (001) surface of a thick insulating bulk NaCl crystal be-
cause NaCl(001) has a large band gap of 8.5 eV41 so that a priori

no immediate intrinsic charge transfer can be expected between
C60 islands and NaCl(001). We describe the charging of single
C60 islands, the characteristics of charged C60 islands and time
dependent charge dissipation processes, which appear within half
a day due to an interaction between charged C60 islands and the
NaCl(001) support.

2 Experimental Section

The preparation of the NaCl(001) surface, the deposition of the
C60 molecules and the AFM experiments are conducted in one
UHV chamber. Technical details of the sample preparation, nc-
AFM and the two electrostatic imaging modes can be found in
the Supplementary Information. In the following we summarize
most important aspects of the experimental methods.

Frequency modulated noncontact AFM (nc-AFM) experiments
are conducted with a room temperature AFM/STM system in a
UHV chamber maintaining a base pressure in the low 10

−10 mbar
range. Conducting silicon cantilevers with a resonance frequency
of 280 kHz are used, with an oscillation amplitude stabilized at
some nanometers.

We use frequency modulated Kelvin probe force mi-
croscopy (FM-KPFM)37,42 and electrostatic force microscopy
(FM-EFM)35,36 where a DC (Udc) and AC voltage (Uac = 1.5 V)
with frequency f ac = 475 Hz are applied at the sample during the
nc-AFM topography imaging mode (tip is grounded). In KPFM,
the DC bias voltage is varied by a Kelvin feedback loop such that
the electrostatic tip-surface interaction is minimized at each point
on the surface. The minimizing Kelvin voltage equals then the ap-
parent contact potential difference U between the metallic sam-
ple holder and the tip in the presence of the NaCl insulator43.

Thanks to the modulation technique, a second, so-called Kelvin

image representing the Kelvin voltage at each pixel is obtained in
the standard topography imaging mode. In our set-up, a bright
contrast in our Kelvin images corresponds to more positive Kelvin
voltages and vice-versa. When we image the surface in the EFM
mode, we de-activate the Kelvin regulator, apply a constant DC
voltage (Udc), extract the amplitude of the detuning signal (△ f )

at the frequency f ac and record this amplitude in a separate im-
age35,36. The distribution of surface charges is represented by
EFM35,36 and KPFM37,38 images.

Millimeter thick NaCl single crystals of highest purity (size:
4×4×10 mm2) are outgased by annealing at ∼ 200

◦C in an oven,
which is located inside the UHV chamber44. After cooling of the
crystals and the sample holder, a clean (001) surface is obtained
by in-situ cleavage of the crystal along the (001) plane at room
temperature. The crystals are then annealed again in UHV at
around ∼ 200

◦C for a few hours to put the crystal into its equilib-
rium charge state, as described in Ref.38. The C60 molecules are
evaporated at 330◦C from a Knudsen cell onto the substrate kept
at room temperature, with a deposition rate of 0.3 ML/min.

3 Results

After the preparation of a clean NaCl(001) surface by UHV cleav-
age and following annealing of the NaCl crystal in UHV, a few
hundreds of nanometer wide, atomically flat terraces and one ML
high steps with a typical density of 10

8 to 10
9 steps/cm2 are ob-

tained on NaCl(001). Depositing 0.5 ML C60 onto such a surface
leads to typical characteristics of C60 islands [Fig. 1], which have
been previously described13: due to the weak substrate-molecule
interaction and the high mobility of the molecules, the islands
grow at the NaCl steps in a Volmer–Weber growth mode, lead-
ing to three-dimensional C60 islands with (111) top facets [Fig.
1(a)]. The islands have a lateral extension of up to 150 nm and
are always completed by two molecular layers, with following un-
completed layers on the third and fourth molecular height level
[Fig. 1(b) and (c)].

To analyze the charge state of such islands, we always con-
ducted KPFM measurements because respective Kelvin images
represent the distribution of surface charges37,38. We consider
the NaCl(001) terraces as to be defect-free and charge-neutral
(see Section 4) so that they always serve as a reference for KPFM
measurements, expressed by the Kelvin voltage UNaCl.

In general, we do not observe a preferred Kelvin contrast be-
tween the C60 islands and the stoichiometric NaCl(001) terraces
(△UC60-NaCl =UC60 −UNaCl), which might be due to the typically
relative high noise of some hundreds of mV in the Kelvin voltage
where possible small contrast differences are hidden. However,
during the imaging we occasionally observe changes of the Kelvin
contrastas shown in Fig. 1(d): in the scanning lines marked by
the four arrows the mean Kelvin contrast changes to a bright con-
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Fig. 1 Topography nc-AFM (a, b) and Kelvin images (d, e) of C60
islands grown at one ML high steps on the NaCl(001) surface. Images

(a, d) and (b, e) were obtained each within one KPFM measurement.

The height profile (c) taken from the topography image (b) exemplifies

that an island can be build by up to 4 ML. The Kelvin image (d) shows

that during the imaging the islands can get charged by the AFM tip,

which is visible by the contrast changes (bright) marked by the arrows.

The Kelvin image (e) shows that upon charging a C60 island a uniform

bright contrast with respect to NaCl(001) is observed. Image sizes:

1×1 µ m2 (a, d), 240×240 nm2 (b, e), speed: 0.5 Hz, △ f =−21.8 Hz.

trast , producing three bright bands. Such changes of the mean
Kelvin voltage were observed and characterized before45 and can
be unambiguously assigned to changes of the electrostatic con-
figuration of the tip apex. Because of the brighter Kelvin con-
trast, which corresponds to a more positive mean Kelvin voltage,
we can conclude that the tip apex obviously got more positive45.
Interestingly, such changes of the electrostatic tip configuration
were not neccessarily accompanied by tip-changes visible in the
topography image [compare Fig. 1(d) with (a)]. Furthermore,
the tip was stable only within a few scanning lines (bright bands)
but switched back after a relatively short time to its initial elec-
trostatic configuration (dark bands).

A very important second observation is that within the bright

bands a bright Kelvin contrast between the five C60 islands (1
to 5) and the stoichiometric NaCl(001) terraces can be observed
[Fig. 1 (d)]. In following measurements, only the islands 1 to
5 appeared with a homogeneous bright contrast, as exemplified
for one island by the image in Fig. 1(e): a typical homoge-
neously distributed bright contrast can be found, corresponding
to a Kelvin voltage difference of △UC60-NaCl ≈ +1 V with respect
to NaCl(001) [Fig. 1(f)].

As discussed further below, the contrast phenomena visible in
the Kelvin image of Fig. 1(d) can be assigned to a charging of
the C60 islands by the tip. With respect to the Kelvin contrast
formation of surface charges that have been discussed before38,
the islands obviously contained negative charges because a more
positive Kelvin voltage was applied at the islands (bright contrast)
with respect to the neutral NaCl(001) terraces (dark contrast).

To study charges in C60 islands in more detail we conducted
controlled charge manipulation experiments, which are docu-
mented in Fig. 2. They were done on the same sample surface
after the measurements shown in Fig. 1. We decided to charge
the islands during the imaging in the EFM mode and by increas-
ing the sample bias voltage to positive values such that negative
charge from the tip is attracted towards the C60 islands. The to-
pography image from a KPFM measurement in Fig. 2(a) shows
two selected C60 islands, which are composed of 3 to 4 molecular
layers [see profile in Fig. 2(b)]. The image in Fig. 2(c) of the
same islands was obtained in the EFM mode at a bias voltage of
UBias =+2.0 V, which was far beyond the Kelvin voltage of about
−1 V needed to minimize the electrostatic tip-surface interaction
above NaCl(001) and the islands. This means that the image in
Fig. 2(c) and following EFM images [Fig. 2(e), (g) and (h)]
were acquired with a relatively strong electrostatic field between
the tip and the island. This explains the dark contrast of the is-
lands with respect to NaCl(001), which probably is a result of the

much smaller polarization of NaCl (α ≈ 0.16Å
3

(Na+) and 3.1Å
3

(Cl−)46,47) with respect to C60 (α ≈ 76Å
3 48) in the presence of

the strong electrostatic field.

The following EFM measurement [Fig. 2(e)] was obtained by
scanning the surface from the bottom to the top. We first im-
aged the bottom island with a bias voltage of UBias = +2.0 V
and increased slowly the voltage by a few hundreds of mV in
the region marked by the arrows 1 and 2. When regulating
the tip-surface distance on a constant detuning value given by
△ f =△ fvan der Waals +△ fel = const. (constant △ f mode), an in-
crease of the bias voltage leads to an increase of the electrostatic
contribution (△ fel) and at the same time a decrease of the van
der Waals contribution (△ fvan der Waals), which is responsible for
the topography contrast. The result is that the tip is retracted
from the surface leading to a fluffy topography contrast as it can
be seen in the region marked by the two arrows in Fig. 2(f).

Therefore, in the scanning line at arrow 2 [Fig. 2(e)], we de-
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Fig. 2 The controlled charging of two C60 islands by the AFM tip. Both islands are located at a one ML high step of NaCl. a) Topography image of the

two islands (1 and 2), with corresponding height profile (b). c) EFM image of the uncharged islands, which both exhibit a faint dark EFM contrast as

shown in the profile (d). e) EFM image obtained during the charging of island 1 with corresponding topography image (f). g) EFM image after the

charging of island 1. h) EFM image of the two islands after a second controlled charging of the island 2. The profile (i) shows the strong EFM contrast

of island 2. Image sizes: 200×200 nm2, speed: 0.5 Hz, △ f =−7.4 (a), −11.8 (c), −14.0 (mean value) (e, f), −13.8 (g) and −15.8 Hz (h), EFM bias

voltage: +2.0 V (c), (g) and (h), for image (e) see text.

creased the pre-set value of △ f − 14 Hz onto the more negative
value of −16 Hz (tip approach) to get back the initial sharp to-
pography contrast of the island. In the region marked by arrows
2 and 3, the bias voltage was further increased until we reached
a value of UBias = +2.5 V (arrow 3), at which within a few scan-
ning lines a sudden strong contrast change appeared at the island
(arrow 3): the island changed its faint dark contrast to a very
dark one. Immediately after this change the bias voltage was
monotonously decreased within a few scanning lines onto its ini-
tially value of UBias = +2.0 V, and at the same time, the pre-set
value of △ f was accordingly increased from −16 Hz to −12 Hz
(tip retraction). No further changes of the bias voltage and de-
tuning were done afterwards. In the last part of the image (from
arrow 4 onwards) the top island still appears in its faint initial
dark contrast.

The change of contrast of the bottom island can be well seen
in the following EFM image [Fig. 2(g)], which was acquired with
a bias voltage of UBias = +2.0 V and without any other changes
of the scanning parameters: the bottom island appears in a dark
contrast whereas the top island appears in its initial, faint dark
contrast. This is a clear signature that the bottom island was
charged by the tip (see also below) whereas the top island re-
mained uncharged. Note that we did not observe any topographic
change of the island - the island exhibited same geometric proper-
ties in the topography images before and after the charging (see
Supplementary Information, Figure S1). Note furthermore that
the damping image shows a preferred contrast at the bottom is-
land, which is discussed in the Supplementary Information (Fig-

Fig. 3 A Kelvin image (a) simultaneously obtained during the

acquisition of image Fig. 2(a), 2 hours after the charging of the second

island 1. The profiles were taken at the green lines in image (a). Image

size: 200×200 nm2, speed: 0.5 Hz, △ f =−7.4 Hz.

ure S1 and S2).
In a second charging experiment, we could charge the top is-

land with the AFM tip by following the same charging protocol
described above, i.e., by applying exactly the same bias voltage
of UBias =+2.5 V. The image in Fig. 2(h) shows both islands in a
strong dark contrast after the second charging [see profile in Fig.
2(i)]. After this EFM measurement, we switched to the KPFM
imaging mode and obtained the Kelvin image shown in Fig. 3(a).
A large contrast difference between the two C60 islands and the
NaCl(001) terraces of up to △UC60-NaCl =+7 V can be seen in the
profile Fig. 3(b). Such values are a strong signature that negative
charges were transferred from the tip into the islands (see Ref.38

for contrast interpretation). Another clear signature for the con-
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Fig. 4 The decrease of the charge inside the two C60 islands (1 and 2), which have been charged before by the AFM tip [see Fig. 2]. All islands are

located at one ML high steps of NaCl. a) Topography and simultaneously obtained Kelvin image (b) showing also other C60 islands in the vicinity of

the two charged islands, e.g., at 3 and 4. c)-e) Selected Kelvin images, which were obtained consecutively without changing any scanning

parameters. The corresponding topography images of the latter Kelvin images are not shown. All Kelvin images have the same color scale, which

ranges from −1.2 V (dark, NaCl) to +8.0 V (bright). The time is the one passed by after the charging of the second island (1). Image sizes: 500×500

nm2, speed: 0.5 Hz, △ f =−6.8 Hz.

trolled charge transfer can be found in the images of Fig. 4(a) and
(b), which show the same region of the surface on a larger scale
(zoom out) with the charged islands located in the middle of the
image at position 1 and 2, and other C60 islands in the vicinity
(e.g., at 3 and 4): the islands in the vicinity do not exhibit any
Kelvin contrast with respect to NaCl(001), which means that they
were not charged during the two charging experiments. Note
that the two charged islands, 1 and 2, appear in a bright Kelvin
contrast gradually increasing from the left to the right, which is
discussed in the Supplementary Information.

To our surprise, we could make an interesting observation:
about 3h after the second charging of the top island (1) we
recorded 25 measurements of the two islands within 13 hours,
during which we did not change any parameters of the scanning.
Fig. 4(a) and (b) is the second measurement of the series, and
following selected Kelvin images from the series are shown in
Fig. 4(c) to (e). All Kelvin images have the same color scale,
with the reference contrast of the NaCl(001) terraces represented
in one and the same color. As it can be seen, the brightness of
the two charged islands decreased by time, which means that the
Kelvin voltage difference between the charged islands and the
NaCl(001) terraces, △UC60-NaCl = UC60 −UNaCl, decreased from
image to image. We clearly exclude a possible discharge induced
by the tip because we did not observe in any of the images the
typical signatures discussed for the occasional charging of islands
during the scanning [Fig. 1(d)], which we expect to appear also
during a discharging.

The voltage difference △UC60-NaCl for the two islands, (1) and
(2), is shown as a function of time in Fig. 5a. Starting from a high
value of △UC60-NaCl ≈ +6.5 V the voltage difference decreased
faster for island 2 than for island 1 (from △UC60-NaCl ≈ +5.4 V),
whereas after about 13 hours both decreased onto a similar level
of △UC60-NaCl ≈+3.5 V. Some fluctuations can be seen, which are,
however, within the error bar of the values, which we extracted

Fig. 5 a) The time dependent decrease of the charge inside the two C60
islands (island 1: dark green, island 2: green). b) Time dependent

charge phenomena that appeared probably in the tip. In the left graph

(a) the difference of the Kelvin voltages between the charged C60
islands and NaCl, △UC60-NaCl =UC60 −UNaCl, is shown whereas the right

graph (b) shows the Kelvin voltage between the tip and sample above

the NaCl(001) surface (UNaCl).
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from the Kelvin images. No decrease in a staircase shape can be
seen, which would otherwise point to a charge removal of single
electrons as observed on Si3Ni4 thin films49.

On the same time scale, the Kelvin reference voltage recorded
above the NaCl(001) terrace (UNaCl) shows an interesting course
[Fig. 5(b)]: the voltage was first at UNaCl ≈−4.6 V but increased
after 3 hours onto a rather constant value of around UNaCl ≈ −2

V. As stated above, we consider the NaCl(001) terraces as to
be charge-neutral, on which no charge phenomena take place.
Therefore, the increase can only be due to a slow movement of
charged defects like vacancies or dislocations below the surface50

or more likely due to slow changes of the electronic tip configu-
ration.

4 Discussion

4.1 Charging mechanism and condition

The experiments documented in Fig. 2 show that in general, C60

islands can be explicitly charged with electrons on demand by the
AFM tip. From the bright Kelvin contrast at the two islands in Fig.
3 and Fig. 4 it can be concluded that electrons were transferred
from the tip to the islands, which is certainly highly facilitated
by the high electron affinity of bulk C60. The electronic structure
of bulk C60, if neutral, has a semi-conducting nature26 with the
Hu band being completely filled with electrons and an empty T1u

band. We believe that transferred electrons are then located in
the latter conduction band. Obviously, the electrons are equally
distributed over the entire islands and not localized at some local
positions at the islands.

The direction of the charge transfer is in agreement with the
applied positive voltage of +2.5 V, which was more positive with
respect to the minimizing Kelvin voltage of ∼ −1 V: electrons in
the tip are attracted towards the positive sample holder, which
carries the NaCl crystal and at which the bias voltage was applied
to. With respect to the tip-surface distance, we observed a rela-
tively sharp topography contrast of the islands, which indicates
that the tip had a distance of below 2 nm to the islands. There-
fore, we strongly anticipate that a tunneling of electrons from the
tip towards the islands appeared because of the above mentioned
potential difference between the tip and the C60 islands and the
small tip-C60 distance, which both increase the tunneling proba-
bility as discussed before40,51.

We clearly stress that the charging voltage of +2.5 V found here
may vary from experiment to experiment and in particular in de-
pendence on the tip. We discuss this with help of the energy dia-
gram shown in Fig. 6, in which we consider an idealized surface
and tip for simplicity reasons: the NaCl(001) surface but also the
representative semi-conducting Si and insulating SiO2 tip have
no defect states in their respective band gaps. The conduction
and valence band of the C60 islands are located in the middle
of the band gap of NaCl(001) due to the very large band gap of

Fig. 6 Energy levels of the NaCl(001) surface, bulk C60 island and the

AFM tip. a) All energies after a vacuum alignment. Three different tips

(metal, semi-conducting Si and insulating SiO2) are shown whereas the

metal tip is represented by three different WFs (φ = 3.7, 4.3 and 5.1 eV)

symbolizing the WF of polycristalline magnesium, silver and gold 52.

Values for the EA and band gap (BG) were taken from literature

(NaCl(001) 41, bulk C60: BG 26 and EA 27,28). For the Hu and T1u bands

we have taken a width of 0.9 and 0.7 eV 53. b) Energy levels after biasing

the sample with a positive voltage of +2.5 V. Electrons can tunnel from

the conduction band of the Si tip into C60 (arrow). All energy levels are

true to scale.

NaCl(001) and the high EA of bulk C60. In this case, we can as-
sume a vacuum alignment of the energy levels as shown in Fig.
6(a). If we now consider an active KPFM experiment, the elec-
trostatic tip-surface interaction is minimized so that the vacuum
levels of the tip and surface are aligned43. As shown by the three
representative tips in Fig. 6(a) (metallic, Si and SiO2 tip), no elec-
trons can be transferred into the T1u band in principle. However,
when applying a more positive bias voltage (KPFM switched off)
with respect to the Kelvin voltage, electrons can be transferred
from the tip to the islands. This applies in particular to metal tips
with a relatively low work function (WF), where a voltage below
roughly +1.5 V is sufficient. For a Si tip, a larger bias voltage
of about +2.5 V at the sample is needed to raise the conduction
band of Si such that electrons can tunnel into C60 [Fig. 6(b)]. In
the case of an idealized SiO2 tip, a tunneling is almost impossible
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because very large voltages are needed due to the very large band
gap of 9 eV [Fig. 6(a)].

The above considerations are certainly too simplified because
the composition and atomic structure of the foremost part of the
tip can strongly deviate from idealized Si or SiO2. For instance,
although Si tips exposed to the ambient air carry a native oxide
they are probably also hydroxilized and have defect states in the
band gap which may potentially contribute to the charging. Fur-
thermore, in typical standard room temperature experiments on
NaCl(001), the tip can get contaminated by NaCl from the sur-
face whenever the tip contacts the surface (tip changes). If a
small quantity of NaCl in form of, e.g., a thin film is supported
it may strongly influence, e.g., the work function of a conducting
support underneath as shown for metal surfaces54.

A very important question is how the electrons tunneled from
the tip into the C60 islands during the controlled charging ex-
periments in Fig. 2 and how many electrons were transferred.
In principle, image Fig. 2(e) contains all information about the
charging, in particular in the few scanning lines where the island
2 changed its contrast to a dark one. At these positions we could
not find any signatures like an expected staircase-like transfer of
single electrons from the tip to the C60 island49, which was prob-
ably due to the limited time resolution of the EFM signal. An
estimation of the amount of transferred electrons is therefore not
possible. Electrostatic force spectroscopy as recently done55 can
help in future to observe a single electron tunneling and to count
explicitly the transferred electrons. Another solution is to explic-
itly model the geometry composed of the NaCl(001) surface, the
C60 island and the tip and in turn to calculate the electrostatic tip-
surface interaction. However, such a calculation requires a precise
knowledge of several parameters like the tip structure and com-
position, the tip-surface distance and the influence of the thick
dielectric NaCl crystal, which are all unknown here.

4.2 Island discharge

With respect to the discharge of the C60 islands [Fig. 4 and Fig.
5], we can state that a discharge by the tip during imaging can be
ruled out because we did not observe typical charging phenom-
ena as documented in Fig. 1(d), which we otherwise expect to
appear also during a discharging of the islands. After a charg-
ing, we never observed a topographic change of the islands - the
islands always exhibited same geometric properties in the topog-
raphy images (see Supplementary Information, Figure S1). This
is why we exclude a possible adsorption of gas molecules from the
residual gas of the UHV that could possibly reduce the charge.

The most reasonable explanation for the decrease of the island
charge is based on the interaction of the charged C60 islands with
the NaCl(001) support and more precisely, on the defect environ-
ment in the subsurface NaCl region below the islands. In prin-
ciple, large defect structures such as grain boundaries or dislo-

cations ending on the NaCl(001) surface50 offer possible path
ways for the escape of charges56–58. Such defects could be pos-
sibly covered by the C60 islands. However, we never observed
grain boundaries or screw dislocations on clean (001) surfaces
of our high-quality NaCl single crystals, which would have oth-
erwise produced a clear visible contrast in topography images.
For detecting {011}[11̄0] edge dislocations50, which have their√

2aNaCl/2 large Burgers vector in the (001) plane, either atomic
resolution can be used or even KPFM59 since such dislocations
are charged50. However, we never observed a Kelvin contrast
on, e.g., the flat terraces which can be attributed to charged edge
dislocations.

The only explanation that remains is based on the Debye-
Frenkel layer60–62, which was experimentally evidenced by
KPFM38. A Debye-Frenkel layer is composed of positive cation
vacancies (VNa+ ) at kink and corner sites on the surface and a
space charge layer below the surface formed by divalent cation
impurities like Ca2+, which are contained in any NaCl crystal of
even highest purity. In principle, also anion vacancies (VCl- ) con-
tribute to the positive space charge layer because anion vacancies
exist in any alkali halide even at room temperature. Both charge
layers form a surface dipole, which modifies the free formation
energies for cation and anion vacancies. In the presence of a
charged C60 island this surface dipole is certainly modified such
that in particular the positive anion vacancies diffuse to the neg-
atively charged islands. The diffusion is probably also influenced
by an electrostatic force gradient originating from the particu-
lar geometric shape of the C60 island. If so, it could be that the
charge inside the islands is transferred to the positive species. In
particular, anion vacancies, which are then transformed into F0

centers, similar to the case described for MgO63, have a large
electron affinity with a high probability to take a charge from the
island64, as it is the case for anion vacancies on MgO(001)65,66.

5 Conclusion

In summary, we have shown that controlled charge manipula-
tion experiments can be accomplished in UHV at single C60 is-
lands with help of the AFM tip: the islands can be charged in
the frequency modulated EFM mode during nc-AFM imaging by
changing the bias voltage continuously to positive voltages. In
our experiments we found a charging voltage of +2.5 V, which
may, however, vary as a function of the electronic and structural
configuration of the tip-surface system. Kelvin images show that
electrons are transferred from the tip into the C60 islands and
that the electrons are equally distributed inside the islands being
responsible for the almost uniform Kelvin contrast of the C60 is-
lands. The charge inside the islands decreases by time on a time
scale of half a day inside the UHV, which is due to an interac-
tion of the charged C60 islands with the NaCl support. A possible
mechanism for this is based on anion vacancies below the sur-
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face that get filled with electrons (creation of F0 centers) at the
interface NaCl-C60.

Our results form a firm start in the controlled charge manipu-
lation of bulk-like C60 islands on insulating surfaces, with many
perspectives included. For instance, we believe that by low-
temperature nc-AFM and electrostatic force spectroscopy55 with
functionalized metallic AFM tips C60 islands can be charged by
single electron charging, which allows counting the transferred
charge.

Conducting charge experiments in general helps to determine
the electronic structure of charged C60 islands, to give answers
to the maximum number of electrons that can be stored in an
island (electron attachment), about stability and life-times of
charges inside C60 and in particular to charge transport phenom-
ena between C60 and its environment. We believe that charge
manipulation experiments can also be done at C60 derivatives,
which would be very interesting for applications in photo-voltaic.
Our charging procedure has to be benchmarked with other self-
assembled molecules to proove the generality of our concept.
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