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Abstract

Electron capture processes were studied in glancing collisions between multiply charged Cgo?* ions and neutral Cgy molecules at low collision
energies where nuclear stopping dominates the interaction (typical energy: 10keV; velocity v = 0.024 a.u.). In addition, clusters of fullerenes
were multiply ionized in collisions with highly charged slow ions and their fragmentation spectra were measured by applying multi-coincidence
techniques in a second, separate experiment. Through the first experiment we show that non-fragmenting electron capture collisions do not produce
free electrons in Cg?*—Cg collisions (g = 1-5), i.e., the cross sections for transfer ionization processes are negligible in this charge state regime. This
is in contrast to the case of atomic projectile ions where transfer ionization processes, as e.g., C?* + Cgy — CY™* + Cgy™ — CU™*D* 4 Cgp™ +¢7,
are strong for ¢ >2. These results are rationalized by means of the classical over-the-barrier model for electron transfer between two Cg molecules,
or between an atomic ion and a Cgy molecule, where the molecules are modeled as conducting spheres. Further, the same model may also be
used as a basis for understanding the present observations of limitations in the maximum numbers of charges, which might be transferred in
non-fragmenting Cgp?*—Cg collisions (g/2 for even g and (g + 1)/2 for odd ¢) and in C%*—Cg collision (here up to ¢ charges may be transferred).
In the same experiment, we have further measured scattering angles, 6, and energy losses, ¢, for the fullerene projectiles in Cgy?*—Cgg collisions
and we have found low values for both 8 and ¢, which, however, increase with the number of C,-units lost from the projectile fullerene in electron
capture collisions. The critical distances for electron transfer which are deduced from the Cg?*—Cg collision experiment and the Zettergren model
are then used to explain the high charge mobility between the individual Cgy molecules in charged (Cg), van der Waal’s clusters of fullerenes,
which we observe in the second experiment.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, collisions between slow afomic ions and
fullerenes have been studied intensively — usually with focus on
electron transfer mechanisms, and/or various processes for ion-
ization and heating of the fullerene and the resulting subsequent
fragmentation processes [see for example 1-5]. However, col-
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lisions involving two complex systems, such as two fullerenes,
have been studied to much lesser extents. Shen et al. [6] found
that non-fragmenting electron capture is the dominating process
and that fragmentation resulting from closer collisions leads to
the typical bi-modal distribution of product ions for Co?* (¢ =1,
2)/C703*—Cgp collisions in the 100 keV range. At considerably
lower collision energies, Campbell etal. [7,8] observed complete
fusion of two Cgo molecules in CgpT—Cgp collisions (at center-
of-mass energies of around 100 eV). While the complete fusion
process was found to be a minor channel, partial fusion with
fragmentation were identified as the dominant reaction channels
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[7,8]. A further interesting aspect is that studies of angular dis-
tributions for the scattering of projectile fragments in the same
collision system [9], showed indications of a phase transition
in the collision complex. A related theoretical study by Knospe
and Schmidt [10] indicated the occurrence of collective flow
phenomena leading to the emission of small fragment jets at
90° with respect to the Cgp* projectile beam for small impact
parameter collisions.

The ionization of clusters of fullerenes, (Cgp),, by charged
particle impact has been studied to even lesser extent and to the
best of our knowledge there is only one series of such experi-
ments performed up to this date [11-13]. There are, however,
a few very interesting and related studies of photoionization of
clusters of fullerenes. An example here is the pioneering work
by Martin et al. [14] in which it was argued that (Cgg), are
van der Waal’s type clusters as the members with n=13 and
55 fullerenes were shown to be particularly stable. These magic
numbers are typical for icosahedral structures, which are known
to be the form for other van der Waal’s clusters such as those
formed by noble gases. More recently, the same group has shown
[15,16] that transitions between icosahedral, closed—packed and
decahedral structures of (Cgp),, can occur as functions of clus-
ter temperature and that these transitions are independent of the
cluster charge. Support for these interpretations are available
in the form of global-minima calculations for (Cgp), clusters
[17]. Concerning the behavior of mixed clusters of Cgg and C7q
fullerenes, Hansen et al. [ 18] have shown that Cgp and Cy partic-
ipate in very similar ways in the cluster formation processes and
also that binding energies and reactivities are similar for pure,
(C60)n, and mixed, [(Ce0)n—m(C70)m], clusters of fullerenes. In
a very recent study [19] of femtosecond laser interactions with
clusters of fullerenes, evidence for fusion products with a num-
ber of Cy-unit below (fused) Ci29, Ci80, Ca40, and Czgp was
presented.

The electrical communication between different fullerene
molecules has been discussed, in particular for the dimer case, in
connection with possible future optical and electronic applica-
tions [20,21]. In the case of neutral van der Waal’s type clusters,
we expect very low charge mobility and for singly charged rare
gas clusters it has been shown that the charge is localized on
a small number of atoms. The icosahedral Ary3* cluster, as an
example, is arranged around a linear Ars* core [22]. Recently,
charge localization effects have been reported for highly charged
Ar clusters [23] as evidenced by the production of highly charged
atomic fragments up to charge state seven (Ar’*) measured
in correlation with Ar* ions in the fragmentation of multiply
charged (Ar), clusters.

In the present work, we will discuss results obtained in
fullerene (ion)—fullerene collisions and we will then use these
results in order to briefly discuss the observed high electri-
cal conductivity in singly and multiply charged clusters of
fullerenes, (Ce0), and [(Ce0)n—m(C70)m]-

2. Experiment

The fullerene—fullerene collision experiment is described in
more detail elsewhere [24—27] and therefore only a brief descrip-

tion will be given here. Multiply charged fullerene ions are
extracted from a 14 GHz ECR ion source, which is operated
at very low power (~4 W) using He as a carrier gas and Cg
molecules sublimated from an oven. The abundance of small-
sized fragments (which may overlap in the mass-to-charge ratio
with the selected fullerene projectile) depends on the power pro-
ducing the discharge and here we are interested in using pure
beams of Cgo”*, Ce0”*, Ceo**, and Cgp>*. In the specific case of
Cgo**, a contamination of Cys* is present at a level of roughly
40% [25]. Here, we will, however, only discuss the collision-
induced production of projectile fragments with masses larger
than that of C5 where this contamination cannot contribute. The
projectiles pass a bending magnet and an energy monochroma-
tor, which defines the mass-to-charge ratio and the kinetic energy
spread to +2q eV, where g is the charge state of the fullerene pro-
jectile. The fullerene ion beam crosses a Cg jet effusing from
a target oven at a temperature of about 500 °C. The interaction
of the ion and neutral beams occurs in the first extraction stage
of a linear Wiley—McLaren time-of-flight mass spectrometer,
where a continuous electric field is applied. Due to the weak-
ness of this field (50 V/cm), we only detect intact fullerene recoil
ions (or fragments), which are released with small momenta
from the collision processes. The intact or fragmented projec-
tile ions are slightly deviated in the extraction field. Then they
pass an angular-defining aperture, an energy analyzer and finally
hit a detector. This detection unit can be rotated around the
scattering center. Thus, it is possible to measure angular dis-
tributions for a given kinetic energy, or, the energy distributions
for a given scattering angle. The recoil and projectile fullerene
ions are analyzed with respect to mass, charge, and kinetic
energies. These quantities can be measured in coincidence for
distant collisions. For collisions with zero momentum transfer,
the energy distributions of the projectiles reflect the fragment
ion mass (and charge) distributions, as mass and energy are
proportional.

In the second experiment, a beam of neutral clusters of
fullerenes is produced in a cluster aggregation source [26]. Here,
a mixture of Cg9/C79 powder is evaporated in an oven at a tem-
perature of ~550 °C and aggregation of the vapor into clusters
of fullerenes ((Cep),, and [(Ce0)n—m(C70)m]) occurs by super
saturation in a cold He atmosphere (pressure of several mbar,
temperature T ~77 K). The formed neutral clusters pass sev-
eral differential pumping stages before interacting with a beam
of highly charged ions (Xe’™*). Singly and multiply charged
fullerene clusters as well as charged fragments are extracted
from the interaction zone perpendicular to the two beams and are
analyzed with a linear Wiley—McLaren time-of-flight mass spec-
trometer. The particles are post-accelerated towards a conversion
plate kept at a voltage of about —25kV in order to achieve high
detection efficiencies. The electrons emitted from the conver-
sion plate are focused on a multi-channelplate detector and the
fast timing signals are registered with a ‘multihit’ time to digital
converter (TDC) on an event by event basis. The high impact
energies of the clusters of fullerenes, fullerene monomers, and
fragments at the conversion plate are needed in order to reach
the high detection efficiencies, which are crucial to the multi-
correlation studies of this, the second, experiment.
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Fig. 1. Mass-to-charge spectrum of fragmented and intact fullerene projectiles
measured at 0° for Cgo**—Cgo collisions at 10keV. The spectrum is obtained by
changing the floating voltage U of the energy analyzer (cf. text).

3. Results for Cgy?t—Cgq collisions

In Fig. 1, we show the projectile energy spectrum for 10 keV
Ceo™* + Cgp collisions measured in the forward direction 0°)
and with an angular acceptance of 0.1°. This spectrum mainly
represents a mass-to-charge spectrum of the projectile beam
after the collision, as the energy exchange is rather small for
peripheral collisions. The intensity of the primary peak (Cgo**
at U, ~0 V, where U is the floating voltage of the energy analyzer)
exceeds the full scale by roughly a factor of 2000, yielding a total
reaction rate of the order of ~1%. At positive voltages (U>0V),
products of single (Cgo>*)- and double (Cgy>*)-electron cap-
ture are identified accompanied by ‘evaporation series’ yielding
Coo—2m"* projectile ions with r=3 and 2. To the left of the main
peak, signals due to Cg_2,** and small-sized fragments C,* in
the range n=4-14 are observed. In the following, we will focus
mainly on the production of the heavy fragments (m/g > 15) as
the lighter ones may be due to collisions of the Cys* ions present
in the primary beam.

3.1. Electron capture by the projectile in Csp9"—Cgp
collisions

As shown in Fig. 1, one or two electrons can be captured and
stabilized by the Cgo** projectile yielding intact Cg>* and Cgp>*
projectile ions. Both peaks are rather narrow indicating that large
impact parameters and low-energy transfers are involved. The
single-electron capture peak (Cgo>*) shows a shoulder which
extends to an energy loss of about 35eV as is evident from the
comparison with the energy profile of the primary Cgo** beam in
Fig. 2. This energy loss, which is stored in the collision partners
as vibrational energy, does obviously not cause fragmentation
of the fullerene projectile. Closer collisions with larger energy
transfers to the internal degrees of freedom (added to the initial
internal energies of the fullerenes) are required to induce Cp-
evaporation within the present experimental time scale of about
13 ps.
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Fig. 2. Energy distribution of Cgo>* projectile ions (open squares and full curve)
formed by single-electron capture in Cgo**~Cg collisions at 0°. The full points
and the dashed curve represent the energy profile of the primary Cgo** beam.

In addition to pure electron capture, there are other channels
where capture is associated with the loss of an even number
of C-atom. In the case of collisions between atomic ions and
fullerenes, these features are well known and for low cluster
charges they are attributed to the evaporation of neutral C,
molecules. For the fullerene charge state »=4, fission becomes
competitive and is characterized by the emission of singly
charged smaller-sized fragments (mainly C,*). At still higher
fullerene charge states fission will dominate [28].

The fragment distribution for three times charged projectile
ions (Cgo—2m>") is shown in more detail in Fig. 3. The fragment
peaks clearly have much larger energy spreads than the peak due
to non-dissociated Cgp>*. This increase in widths is caused by
the emission of low-energy C; or C;* molecules in the rest frame
of the projectile (kinematic effect), but also to the dynamics of
the collision process. Similar broadenings are also found in the
measured angular distributions of the individual peaks, which
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Fig. 3. Mass and energy distribution of Co0—2m>" ions (m=0-5). The full curves
correspond to Gaussian fit analysis. The vertical lines indicate the positions
where the fragmented ions with the same velocities as the incident Ceo** pro-
jectile would be expected.
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Fig. 4. (a)—(e) Angular distributions for the Cgy**—Cgo product ions Cgo>*, Cs6>*, Csp3*, Ce02*, and Cyy®*, respectively. (f) The full width at half maximum of the
angular distributions as a function of the number of lost C,-unit. The full dots correspond to triply charged systems, whereas the full squares belong to the doubly

charged ones.

are shown in Fig. 4. Whereas the projectile angular scattering
distributions for intact Cgp>*- and Cgo?*-molecule are rather
narrow, those associated with the losses of several C-atoms are
much wider. Fig. 4f indicates that the half-widths of the angular
distributions increase with the number of Cp-molecules lost from
the projectile fullerene in a way which is independent of the
final fragment charge state r. This finding can be understood as
aconsequence of the fact that decreasing impact parameters lead
to larger energy transfers and thus to increased fragmentation.

We note from Fig. 3 that the positions of the measured frag-
ment peaks are shifted towards lower energies with respect to
fragments, which would have the same velocity as the inci-
dent Cgp** projectile (marked by vertical lines in Fig. 3). These
energy differences give the energy losses of the residual projec-
tile ions. In order to further discuss the observed peak forms,
we have to take into account that two different processes may
contribute. Either single-electron capture is followed by the
evaporation of a neutral C, molecule or a charged C;* ion is
emitted directly in a unimolecular decay process.

The narrow peaks for the (Cgg—2/n Y** jons on the left hand side
of the primary peak in Fig. 1 indicate that unimolecular decay
processes are important. In principle, these signals can either be
due to collision-induced dissociation without charge transfer or
due to the unimolecular decay of thermally excited projectiles.
As shown in Fig. 5 (full squares), the Ce0—2m™" ions are formed
without any energy loss, independent of the number of emitted

C, molecules, and hence they are attributed to unimolecular
decay processes. The required activation energy of about 10 eV
[29,30] per emitted C,-unit indicates that the internal energy of
the incident projectile, produced in the ECR ion source, is rather
high. The strong intensity increase which seems to occur in the
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Fig. 5. Average energy losses in the unimolecular decay of Cgo** (loss of m C,-
units, open circles), for single-electron capture associated with the loss of m Ca-
units (full circles), and the loss of Co* (or C4*. . .) ions from the Cgp** projectile
(full squares). The dashed line indicates the energetic thresholds for sequential
C, emission. The activation energy is taken to be 10 eV per C, molecule [29,30].
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evaporation series for m = 6, corresponding to C4g**, is due to an
overlapping Cj,* fragment, originating from the fragmentation
of contaminant Cys* projectiles, present in the primary beam.

When analyzing the peak forms in Fig. 3, two different con-
tributions can be identified, in particular, when the number of
lost C molecules increases. The first type is characterized by
a zero energy loss and is attributed to unimolecular fission (for
example, emission of one Cp*-molecule and (m — 1) neutral C;
molecules), activated by the internal energies of the incident pro-
jectiles. The second process, giving slightly larger contributions
to the fragment spectrum, gives peaks, which are shifted towards
larger energy losses as the number of emitted Cy molecules
increases. The measured energy losses for unimolecular decay
(C; emission from Cgp**) and unimolecular fission (C2* emis-
sion from Cgo**) are shown as open circles and full squares in
Fig. 5, respectively. For single-electron capture, the energy loss
increases from O to about 140 eV as the number of lost C;-units
increases from m=0 to 5 (full dots on Fig. 5). Taking the typi-
cal initial internal energy of the projectile ions into account, we
arrive at internal energies, which are well above the activation
energies for C, emission. The activation energy for (sequential)
mC, emission is indicated with a dashed line in Fig. 5. These
observations strongly indicate that the fragmentation associated
with single-electron capture in Ceo**—Cgo collisions is statistical
in nature.

3.2. Recoil ions and particle coincidences

Under the given experimental conditions (with a weak recoil
ion extraction field) only low-energy fullerene target ions from
Cg0?*—Cgp collisions can be detected. Thus, products from
closer collisions, in particular those causing fragmentation of the
target, are strongly suppressed in the recoil spectrum. In Fig. 6,
we compare the recoil ion spectrum obtained for two types of
projectiles: Cgop** at 8keV and C** at 4keV. Here we want to
emphasize that the recoil ion spectrum for Ceo** + Cgp collisions
only shows intact fullerenes and, further, that these fullerenes are
only found in charge states 1+ and 2+. In the case of atomic ions
(lower part of Fig. 6), intact recoil ions in all charge states up to
the limit of the initial projectile charge (4+) are observed. Similar
differences are observed for all projectile charge states between
g =2 and 5: atomic ions can ionize the Cg target up to the initial
projectile charge g [31], whereas fullerene projectiles lead to a
maximum recoil charge of rmax =¢/2 for even values of g and
rmax = (¢ + 1)/2 for odd q. This means that the projectile charge
is equally distributed on the projectile and the target fullerene
for even ¢ and for sufficiently close Cgo?* + Cg collisions on a
time scale which must be shorter than the 10 fs collision time.

In a simple model, in which the fullerene molecules are
treated as conducting spheres [32,33] the observed charge sep-
aration effect is a consequence of the symmetry of the collision
system and of the high mobility of charges between the spheres
(fullerenes) at sufficiently small separations. We define the
total cross section for electron removal as, oo = T(RT — b2,,.)
where b,y 1S the maximum impact parameter for target frag-
mentation (collisions with smaller impact parameters cannot
be detected in the coincidence experiment) and R; the criti-
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Fig. 6. Mass/charge spectrum showing the recoil ion distribution produced in
Ceo*t + Cep collisions at 8keV (upper part), and C** + Cgo collisions at 4 keV
(lower part).

cal distance for the transfer of the outermost target electron.
In a similar way, the cross section for removing r electrons is
defined as 0, = JT(Rf — R%H ). In Fig. 7, we compare the calcu-
lated and the experimental [27] relative cross sections (o/0 )
for [Cgp?* + Cgp] and [CT* + Cgp] collisions at the velocities v =
0.01¢'2 and 0.06¢ "% a.u., respectively. The critical distances for
electron removal, which have been calculated, using the model
described in Refs. [32,33], are shown in Table 1. In the calcula-
tions the fullerene radius was set to 8.37aq as deduced from the
classical relation between the radius of a conducting sphere [32]
and the sequence of recently calculated Cg( ionization potentials
[34]. The radius of the C?* projectile was set to zero in the present
model calculations. For the odd fullerene projectiles, we have
taken into account the charge division effect by dividing the cross
section by 2 for the last electron transfer (r = rmax), thus, o, . =
rr(R%max —b2,)/2. As a consequence, the cross sections for
removing (rmax — 1) electrons have been increased by the cor-
responding amounts for odd ¢g. The maximum impact parameter
for target fragmentation was determined semi-empirically by
fitting the o,, ., values for g=5, yielding 19.7a¢ and 12.9a for

Table 1
Critical distances for electron transfer in Cgo?"—Cg collisions given in atomic
units

q 2 3 4 5
Ri 20949 21.7ag 22.3ag 24.2a9
R 20.2a9 20.8a0 21.6a9
Ry 20.2a9
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Fig. 7. Relative charge state fractions in non-fragmenting Cgo?* + Cgp (left column) and C7* + Cg collisions (right column).

the fullerene and (atomic) carbon projectiles, respectively. The
agreement between the model calculations and the experimental
values are surprisingly good, not only with respect to the number
of possibly transferred electrons but also concerning the partial
cross sections for transfers of r electrons. This indicates that the

simple model is well adapted to describe the essentials of the
underlying charge-exchange mechanisms.

The 10keV Cgo?* + Cgp recoil coincidence spectra for sta-
bilization of one and two electrons on the projectile are
shown in comparison with the corresponding results for 7.6 keV
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Fig. 8. Recoil ion mass spectra registered in coincidence with one (upper part) and two (lower part) electrons stabilized on the projectile in 10keV Cgo** + Cgo (left)
and Kr** + Cgp (right) collisions. The projectile ions were measured at a scattering angle of (0 +0.1)°.
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Fig. 9. Time-of-flight spectrum showing the range of small clusters of fullerenes
in different charge states, obtained in collisions of Xe3%* jons with (Cep), at
600keV.

Kr** + Cg collisions in Fig. 8. Here, we note that only singly
charged recoil ions are observed for s = 1 (one electron stabilized
on the projectile) when fullerene projectiles are used, while up to
triply charged recoil ions are seen for s = 1 with Kr** projectiles.
Thus, no transfer ionization events occur in the fullerene projec-
tile case, i.e., the formation of doubly or triply excited states on
the projectile with sufficient excitation energies to cause electron
emission is unlikely to occur. Furthermore, the doubly charged
peaks for s =2 originate from true double electron capture and
also here there is no emission of electrons. At a first glance
the absence of transfer ionization is very surprising as these
processes are known to be very important for slow atomic col-
lisions with multiply charged (atomic) projectile ions, as can be
seen in the results for Kr*t + Cg collisions shown to the right
in Fig. 8. However, the differences between the spectra can be
explained within the over-the-barrier conducting sphere model
of Zettergren et al. [32]. The total projectile excitation energy
after the transfer of two electrons from one model conducting
sphere (the target Cg) to the other conducting sphere (the pro-
jectile Ceo™) is 7.8 €V [33], which is considerably smaller than
the ionization energy for the doubly charged fullerene (16.9 eV
[21]). Therefore, the transfer ionization channel is closed for
simple energetic reasons in Ceo** + Cgp collisions.

4. Clusters of fullerenes

Clusters of fullerenes, containing up to 40 molecules of Cgg
(and C79 — there is an admixture of 1:20 of Cyq in the pow-
der), are multiply ionized in slow collisions with highly charged
atomic projectile ions (Xe*** at 600keV). A part of a typi-
cal mass spectrum, showing the range of singly and multiply
charged clusters, either ionized directly without fragmentation
or stemming from fragmenting larger clusters, is shown in Fig. 9.
This type of spectrum has been analyzed before with respect
to geometrical shell effects and so-called appearance sizes,
which are the smallest sizes for given charge states which are
observed in the mass spectrum [11-13]. In particular, it has been
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Fig. 10. Time-of-flight spectrum constructed from those events, where 11
charged particles have been detected (11-stop spectrum). Collision system:
Xe30* + Cgp at 600keV.

shown that the smallest doubly charge cluster is the pentamer
(Ce0)s5>*.

Concerning the charge mobility in van der Waal’s type
fullerene clusters, it is useful to start out by considering the
smaller systems, i.e., the fullerene dimers and trimers, which
are present in the spectrum as singly charged ions. However,
they are evidently unstable when a second charge is added (these
ions are thus not directly observed in the overall time-of-flight
spectrum but the correlated fragmentation products may be iden-
tified by using the multi-stop coincidence spectra). The neutral
Ceo dimer, (Cgp)2, is known to be bound by about 0.3 eV and
has an equilibrium distance of 19.0 ag according to the Girifalco
potential [35], commonly used for the description of the van
der Waal’s type interaction between neighboring monomers in
fullerene-based materials. If we add one charge to one of the Cg
molecules in the dimer and use the model of two interacting con-
ducting spheres [32] we find that the binding energy increases
to about 0.4 eV, which is close to the only existing experimental
value [15]. The addition of one charge does not change the equi-
librium distance by any appreciable amount and it is noted that
the equilibrium distance in the (Cgp)2* dimer is considerably
smaller than the outermost critical distance for electron transfer
between the spheres (see Table 1). This readily explains why the
charges in a cluster of Cgp molecule are highly mobile as soon
as (Cgp)p is singly charged.

A further evidence of high charge mobility is deduced from
the measured fragmentation patterns of larger clusters which
are multiply charged before fragmentation. A typical spectrum
which contains only events where 11 charged particles have
been detected is shown in Fig. 10. This means that in this case
large clusters have been ionized at least 11 times. The spectrum
shows only singly charged fragments: small singly charged car-
bon clusters and singly charged fullerene molecules of which
some have lost one or several C, molecules. Thus, the cluster
which is initially eleven times charged breaks apart into eleven
singly charged fragments and the initial charge must have been
well distributed within the cluster before fragmentation. The
distribution and the peak widths of the small-sized fragments
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rather correspond to a thermally activated fragmentation pro-
cess than to a charge-driven fragmentation of individual Cgg
molecules.

5. Summary

In the experimental study of Cgo7*—Cgo collisions we have
shown that sufficiently close, non-fragmenting collisions lead
to an equal distribution of the charge on the two molecules for
even ¢q. For odd fullerene projectile charge states, the maximum
final target fullerene charge is found to be (g+ 1)/2. We have
further shown that these charge redistribution processes occur
on time scales shorter than the collision time, which is of the
order of 10fs. These results could be rationalized by means of
an earlier published model for over-the-barrier electron trans-
fer between two conducting spheres. The same model is also
used to calculate excitation energies following electron trans-
fer between two fullerenes. The calculated low values explain
the present observation that transfer ionization processes are
Sully suppressed for Cgy?*—Cgq collisions in the present charge
state range (g =2-5). At a first glance this appeared to be sur-
prising as transfer ionization processes in which a number of
electrons are transferred to the projectile in a first step followed
by autoionization of a multiply excited projectile state play an
important role for atomic ions of the same charge states colliding
with Cgp. This has been clearly demonstrated also in the present
work.

Single-electron capture in Ceo™—Cep collisions, sufficiently
close to induce fragmentation of the fullerene projectile, were
found to be associated with energy losses that increased rather
strongly with the number of emitted C;-units reaching energy
losses of about 140eV for the Cso>* projectile fragments.
Taking also the initial excitation of the incident Cgp** projectile
into account, the total internal energies are sufficiently high to
strongly suggest that the fragmentation processes associated
with single-electron capture are statistical.

Using the results of the Cgp?9"—Cgp collision experiment and
the agreement with the result of the classical over-the-barrier
model, we argue that the high charge mobility which we have
established for ionized clusters of fullerenes may be under-
stood through a very simple basic argument: the critical distance
for over-the-barrier electron transfer in the Cgp*—Cgo System is
larger than the equilibrium distance in the (Cg)>* van der Waal’s
dimer system. As the Cgo—Cgo distances are similar in the clus-
ters of fullerenes and in the dimers, we conclude that the charge
may “hop” from one molecule to another as soon as it becomes
singly charged. The hopping time is most likely shorter than
10fs.
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