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Abstract

Singly and doubly charged anions of fluorofullerenes were produced by means of electrospray ionization from acetonitrile/dichlorobenzene
solutions of C60F36 and C60F48 doped with organic electron donors. These anions can be formally viewed as products of mono- and bis-
substitution of fluorine atoms by electrons. Photoelectron spectra of C60F34

2− and C60F46
2− allow estimating the second electron affinity of

the corresponding neutral species to be 2.4 (1) and 3.2 (1) eV, respectively. Quantum chemical calculations at the DFT level of theory suggest
t lity.
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hat the observed dianions form due to fluorine rearrangements on the carbon shell, which is governed by their high relative stabi
2005 Elsevier B.V. All rights reserved.
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. Introduction

The electronic structure of multiply charged anions has
ttracted much attention in the past few years[1–3]. The
trong mutual repulsion of their excess charges generates an
nteresting electron-molecule potential dominated by a repul-
ive Coulomb barrier (RCB), interfacing the attractive short-
ange interaction between an excess electron and the charged
olecular “core” with the long-range Coulomb repulsion.
his potential gives rise to electronic resonances, which are
nstable with respect to autodetachment by tunneling through

he RCB, but have lifetimes up to several hundred seconds[4].
oreover, the presence of the RCB affects the rules for pho-

odetachment from multiply charged anions, since the photon
nergy required to detach an electron from a given state has

o be greater than the sum of its binding energy and the height
f the RCB, if tunneling can be neglected on the experimental

ime scale.

∗ Corresponding authors. Tel.: +7 95 939 1240 (I.N. Ioffe)/+49 721 608
232 (J.M. Weber).

Fullerenes, which are known as good electron accep
represent very interesting objects for the studies of an
properties. Unlike many strong acceptors, fullerenes are
ble closed-shell molecules, and their electron-withdraw
properties are due to the presence of three-dimension�-
systems regarded as special cases of spherical arom
[5,6], which allow for efficient charge delocalization. Amo
other techniques, negative ion electrospray (ESI) mass
trometry can be used to generate fullerene dianions[7,8].
Furthermore, subsequent photo- and autodetachment
ies demonstrated that the second electron affinity (EA
higher fullerenes is positive[8–11]. In this context, fluo
rinated fullerenes represent very attractive objects for
studies, since they exhibit much stronger electron-acce
properties than the parent fullerenes due to the high co
of electronegative fluorine atoms. For example, the EA v
for C60 is 2.67 eV[12], whereas EA estimates for C60F36
and C60F44–48yield 3.5 eV[13] and 4.1 eV[14], respectively
The observation of C60F46

2− in the ESI mass spectromet
studies of C60F48 in a decamethylferrocene-doped solut
[15] demonstrated the suitability of this ionization meth
E-mail addresses:ioffe@phys.chem.msu.ru (I.N. Ioffe),
mathias.weber@chemie.uni-karlsruhe.de (J.M. Weber).

for the production of doubly charged anions of highly fluo-
rinated fullerenes. Similarly, electron capture and collisional
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electron transfer techniques were successfully applied to the
production of fullerene fluoride dianions[14,16,17]. More re-
cently, direct observation of fluorofullerene dianions by ESI
MS, which did not involve ion pre-formation in solution, was
reported[18]. In the present work, we performed ESI mass
spectrometry and the first photoelectron (PE) spectroscopy
studies of C60F34

2− and C60F46
2− dianions obtained from

C60F36 and C60F48, respectively.

2. Experimental and theoretical methods

C60F36 and C60F48 were synthesized by means of a solid-
phase metal-fluoride (MnF3) fluorination technique or fluo-
rination with elemental fluorine, respectively, as described
elsewhere[19]. Both samples were analysed by electron im-
pact ionization mass spectrometry,19F NMR and IR spec-
troscopy, which showed 90+% compositional purity. Organic
donor compounds, such as tetramethylphenylenediamine
(TMPD) and tetrakis(dimethyamino)ethylene (TDAE), and
HPLC grade solvents (o-dichlorobenzene (DCB) and ace-
tonitrile) were purchased from commercial vendors and used
without further purification. 10−3 M stock solutions of fluoro-
fullerenes ino-dichlorobenzene (DCB) were diluted (1:20)
by a mixture of acetonitrile and DCB (4:1), and doped by
an excess of organic donors dissolved in acetonitrile. For
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using the known PE spectra of I− at the same photon ener-
gies, which were produced by ESI from a 1 mM solution of
CsI in a methanol/water mixture (9:1).

Ground states of multiply charged anions can display
strong correlation effects between valence electrons, since
the excess electrons are largely unscreened from each other.
Presently, density functional theory (DFT) is the only feasi-
ble approach to the routine treatment of large objects, such as
fullerene derivatives. DFT calculations of the electron affini-
ties and relative stabilities of the neutral and anionic species
as well as time-dependent DFT (TDDFT) computations of
excited states were carried out with the use of the PRIRODA
DFT package[21] employing a computationally inexpensive
implementation of the resolution-of-identity (RI) approach
[22]. The PBE exchange-correlation functional[23] and an
original basis set of TZ2P quality[21] were used. Semiempir-
ical AM1 calculations used as a starting point for further DFT
treatment were performed with the use of the PC-GAMESS
package[24].

3. Results and discussion

3.1. ESI mass spectra

f the
C th
T und

Fig. 1. Negative ion ESI mass spectra of C60F36 (top) and C60F48 (bottom)
solutions in acetonitrile/DCB doped with TMPD and TDAE.
60F36, a mixture of TMPD and TDAE was used in a∼20:1
atio, while only TMPD was employed for C60F48. In order
o prevent degradation of target compounds via fluorina
f donor molecules, the quantity of a donor added was em

cally adjusted so that the color of the resulting solution
o formation of charge-transfer complexes was not too
ated. Besides, only freshly diluted and doped solutions
sed. We note that polar protic solvents could not be
ecause of the instability of fullerene fluorides with res

o hydrolysis.
Analogous to previous studies involving higher fullere

10,11], ions were produced in a commercial micro-E
ource (Analytica of Branford) with nitrogen as a dry
nd nebulizing gas (drying gas temperature 300◦C). Subse
uently, ions were accumulated for 1/30 s in a hexapole

rap in order to increase signal-to-noise ratio. The ions o
erest were mass-selected using a reflectron time-of-fligh
mass resolution∼ 1200) and entered the detachment zon
“magnetic bottle” type time-of-flight PE spectrometer[20]
here they interacted with the third or fourth harmonic
ulsed Nd:YAG (laser pulse duration 5–6 ns, typical flue
0 and 15 mJ/cm2 at 3.49 and 4.66 eV photon energy, resp

ively). Prior to photodetachment, the ions were decele
y a high voltage pulse in order to suppress the kinem
oppler effect inherent in this spectrometer type. The
rgy resolution of the instrument was around�E/E= 5% at
eV electron kinetic energy. In order to subtract backgro
lectron signals, every second laser shot was fired in th
ence of the ion beam. The spectra were accumulate
veraged over several 105 laser shots. They were calibra
Fig. 1shows typical negative ion ESI mass spectra o
60F36 and C60F48 solutions in acetonitrile/DCB doped wi
MPD and/or TDAE. The spectrum of the former compo
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consists of fewer species, the most abundant correspond to
the C60F35

− monoanion and the C60F34
2− dianion. Some

oxygenated derivatives of these species can be seen as well,
originating from reactions of fluorofullerenes with traces
of water or oxygen in the solvent. The mass spectrum of
C60F48 is dominated by the C60F46

2− dianion. A series of
C60F35

− to C60F41
− monoanions with odd F numbers can

also be observed, which originate from partial degrada-
tion/fragmentation. Interestingly, the monoanionic part of the
mass spectrum shows more extensive fragmentation than the
dianionic part. Both fluorofullerenes produce monoanions
with closed electronic shells, which can be formally regarded
as products of the stepwise substitution of F atoms by elec-
trons accompanied by a certain degree of defluorination in
the case of C60F48. Similar fluorine loss upon charging was
observed in the ESI mass spectrometry studies of C60F48
[15] and C60F18 [25] in the presence of electron donors, and
in the MALDI studies of various fluorofullerenes[26], where
F abstraction was even more pronounced. In contrast, ESI
MS in the absence of electron donor molecules is known to
produce either molecular anions of fluorinated fullerenes al-
most without F abstraction[27] or in the case of pure C60F48,
monoanions of both C60F48 and C60F47, the latter being
more abundant, and dianions of C60F47 [18]. Hence, charge-
transfer complexes with donor molecules should play an
important role in the mechanism of the fluorofullerene anion
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Fig. 2. Laser PE spectra of the C60F34
2− dianion acquired at 4.66 eV (top)

and 3.49 eV photon energies (bottom).

to the formation of unexpected and interesting structures,
which are significantly different from the parent species.

3.2. Photoelectron spectra

Fig. 2 shows the PE spectra of C60F34
2− at photon ener-

gies of 4.66 and 3.49 eV, respectively. The 4.66 eV spectrum
contains several unresolved bands with a threshold at 2.4 eV,
while the 3.49 eV spectrum consists of several strong bands
between 0.7 and 2.2 eV and a weaker feature at 2.5 eV, which
coincides in position with the first band in the 4.66 eV spec-
trum. At lower laser fluence, the relative intensities of the low
binding energy bands in the 3.49 eV spectrum with respect to
the 2.5 eV band are reduced substantially indicating that the
low-energy bands are due to two-photon processes.

From the 4.66 eV PE spectrum, we are able to derive
an estimated second adiabatic electron affinity for C60F34
(2.4± 0.1 eV) using the onset of the first band. The vertical
detachment energy of the C60F34

2− dianion (2.6± 0.1 eV) is
determined from the position of the first maximum. These
values are remarkably high compared to the values for un-
fluorinated fullerenes, estimated to be negative for C60, and
measured to be below 0.5 eV for C76, C78, and C84 [10,11].
The cutoff of the PE spectra at high binding energies allows a
rough estimate of the RCB height in C60F34

2− (1.0± 0.2 eV)
s 2−

c eral
h tima-
t
( at of
C
t m
t lope
o

ormation process. On the basis of voltammetric studie
he reduction behavior of C60F48, Zhou et al.[15] suggeste

scheme involving sequential charge transfer from d
olecules to form C60F48

2− followed by F− abstraction
rom the dianionic state forming C60F47

−. This ion then
ndergoes a similar charging process up to the triply cha
tate, followed again by fluoride release and formatio
60F46

2−. Using the assumption that in the absence of d
olecules, formation of the highly charged states is

ikely, this model appears to agree well with the experime
ata obtained in the present work and other ESI stu
entioned above. However, F atom or ion loss from fl

ofullerene molecules could also be a result of fluorina
f donor molecules in a concerted process involving F a
nd electron transfer. This hypothesis is supported by
bservations of the partial or even complete defluorina
f fullerene fluorides upon the increase of the donor con

ration. The lower strength of CF bonds in fluorofullerene
elative to sterically unstrained organic compounds (the a
ge C F bond energy in C60F2n does not exceed 300 kJ/m
nd decreases from C60F36 to C60F48) [28,29] and highe
tability of the closed-shell anionic species can serv
dditional driving forces for the processes of F atom
nd charging. On one hand, such defluorination proce

hat accompany ESI MS of fluorofullerenes can be rega
s a drawback of the ESI-based method of anion produ
s compared to the gas-phase electron-capture techn
ince it is more difficult to generate molecular ions or dou
harged anions of the parent molecules. On the other ha
e argue below, ESI ionization of fluorofullerenes can
,

imilar to the RCB height of C84 [10].
Fig. 3 shows the 4.66 eV PE spectrum of C60F46, which

onsists of a single band, possibly consisting of sev
ighly congested structures. The spectrum allows es

ion of the second adiabatic electron affinity of C60F46
3.2± 0.1 eV), which appears to be even higher than th
60F34, whereas the RCB value of 1.0± 0.2 eV is roughly

he same as for C60F34
2− (the RCB height is estimated fro

he half-maximum energy on the high binding energy s
f the single broad peak in the PE spectrum inFig. 3). Unlike
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Fig. 3. Laser PE spectrum of the C60F46
2− dianion acquired at 4.66 eV

photon energy.

the case of C60F34
2−, no photoelectrons were observed after

irradiation of C60F46
2− at 3.49 eV photon energy.

Attempts to acquire PE spectra of fluorofullerene monoan-
ions both at 3.49 and 4.66 eV were unsuccessful despite sub-
stantial ion signals, which indicates that the first electron
affinity must be of the order or higher than 4.66 eV. This
agrees with the results of the DFT estimates of the EA val-
ues for closed-shell highly fluorinated fullerenes containing
an even number of F atoms and odd-F-atom radical species:
the latter species have 0.8–1.0 eV higher EAs than the former
ones. Taking into account a 3.5 eV estimate for EA (C60F36)
[13] and a 4.1 eV value for C60F48 [14], one can conclude
that even if photodetachment of C60F35

− (the least fluori-
nated monoanion observed in this study) was possible with
the 266 nm wavelength (4.66 eV), one would expect the onset
for photodetachment from C60F35

− at the very edge of the
available photon energies.

3.3. Structural considerations

Our experimental second EAs for both fluorofullerene
dianions appear unexpectedly high, when compared with
the values obtained in our DFT calculations performed for
several stable closed-shell isomers of C60F34 and C60F46
(the DFT-derived second EAs do not exceed 1.5 eV). Such
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The search for relevant structures of C60F34
2− was

restricted to two major families of isomers. The first one
consists of the structures connected to the major C60F36 iso-
mers via removal of two F atoms. The high relative stability
of C60F34

2− isomers from this family is based on their close
structural relations to the parent C60F36. In addition, they
constitute the most likely kinetic products of F-atom abstrac-
tion reactions. The second family includes structures that are
expected to possess high first and second electron affinities,
based on their high relative stability in a doubly charged
state. The�-systems of these isomers incorporate two highly
electron-withdrawing cyclopentadienyl fragments, whereas
the rest of the sp2 carbon atoms form isolated double bonds
and benzenoid six-membered rings. For several dozens of
isomers from both families, full geometry optimization
of the dianionic state at the AM1 level of theory was
performed. The structures within 150 kJ/mol from the most
stable species were then reoptimized at the DFT level of
theory without symmetry constrains applied. It was shown
in [32] that for a test set of C60F36 isomers the discrepancies
between the AM1 and DFT results do not exceed 140 kJ/mol.
The differences are mainly due to the systematic underesti-
mation of the stabilizing effect of the benzenoid rings by the
semiempirical method. As will be shown below, the most
stable structures contain sufficient number of aromatic frag-
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considerable discrepancy may indicate that isomers
n open-shell neutral ground state could be responsib

he observed PE spectra. At this point, it is necessa
ake into account a well-known feature in the chemistr
ullerene fluorides—their ability to isomerize at eleva
emperatures via rearrangements of F atoms toward
ormation of the most thermodynamically stable prod
30]. The C1 isomer of C60F36 can isomerize into a mo
table C3 structure even at room temperature in solution[31].
e, therefore, may expect that ESI performed at the ele

rying-gas temperatures is likely to facilitate isomeriza
rocesses leading to the formation of highly stable iso
f the dianions, which should possess different struc

han the most stable neutral species.
ents to be rather under than overestimated by AM1. Se
tructures that proved to be the most stable at the DFT le
heory were fully optimized in the neutral and monoanio
tates in order to calculate their first and second adia
lectron affinity.

To our experience, the first EA values obtained with
unctional employed here typically overestimate the EA
es of the fullerene-based systems by about 10%, whil
econd EA values overestimate the experimental value
igher fullerenes[10,11] by about 0.4 eV. We apply corr
ponding corrections to estimate first and second EA v
ased on our calculations. We note that the true overes

ion of the second EA values for fullerene fluorides sho
robably be even higher due to the lower magnitude o
orrelation effects in these larger systems with excess
rons delocalized over a higher number of atoms.Fig. 4shows
chlegel diagrams for two most abundant isomers of C60F36
nd three most stable isomers of C60F34

2−. Estimated rel
tive stabilities, and first and second electron affinities

hese isomers are given inTable 1.

able 1
stimated first and second electron affinities of C60F34 isomers correspon

ng to the most stable C60F34
2− dianions (seeFig. 4)

Isomer

C2v C1 (1) C1 (2)

elative stability in dianionic
tate (kJ/mol)

0.0 16.3 21.7

A2 (eV) 2.6 1.8 1.7
A1 (eV) 5.6 4.5 4.5
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Fig. 4. Schlegel diagrams of the three most abundant isomers of C60F36 and
three most stable isomers of C60F34

2− dianions.

Two of the three most stable C60F34
2− isomers belong

to the C60F36-structurally related family, whereas the third
one belongs to the cyclopentadienyl family, its formation re-
quiring multiple F-atom migration steps. However, our cal-
culations imply that only the cyclopentadienyl isomer can be
responsible for the observed PE spectra, since C60F36-related
structures are characterized by the significantly lower second
EA values. Moreover, our DFT calculations of the second
EA for a number of less stable isomers demonstrate that this
characteristic is rather family-specific than isomer-specific.
Consequently, the 2.4 eV threshold in the 4.66 eV PE spec-
trum points to the formation of a cyclopentadienyl isomer,
for which the proposed C2v structure is depicted inFig. 4.
This suggests that the conditions of the ESI experiment at
elevated drying-gas temperatures allow migration of F atoms
over the carbon cage, which results in their rearrangement.
This is compatible with the fact that the high-temperature flu-
orination conditions described in Ref.[19] enable abundant
formation of the most thermodynamically stable isomers of
fluorofullerenes.

Unlike the case of C60F34
2−, an analogous structural sur-

vey of possible C60F46
2− isomers provided inconclusive re-

sults. The parent C60F48 molecule is known to incorporate
six isolated double bonds[30], their rather uniform distri-
bution over the carbon cage probably being responsible for
r an
e C
[ d
d n the
e se of
C
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s r role
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g s
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rings, is unlikely. Indeed, DFT calculations suggest that the
most stable C60F46

2− isomers are those containing two allylic
anionic fragments; several isomers of this kind, being cou-
pled to C60F48 via simple detachment of two fluorine atoms
adjacent to different double bonds, are the most kinetically
accessible structures as well. Among the isomers contain-
ing two cyclopentadienyl fragments, the most stable ones are
90 kJ/mol higher in energy, and other types of isomers includ-
ing mixed allylic-cyclopentadienyl structures were predicted
to be even less stable. Therefore, it may be suggested that the
experimentally observed isomer (or isomers) of C60F46

2−
contain two allylic anionic fragments. However, such a con-
clusion appears to be incompatible with the results of our
calculations regarding the second EA values. We found that
no isomer of C60F46 exhibited the second EA higher than
2.5 eV, except for cyclopentadienyl structures, which were
calculated to possess the second EA comparable to the ex-
perimentally measured value of 3.2 eV. One might argue that
this disagreement may be solved by taking into account the
above-mentioned isomers containing endohedrally attached
fluorine atoms. The higher degree of steric relaxation in such
structures may be more favorable than effects of electron
affinity regarding the stability of their anions. However, there
are no indications that such isomers can form without a high-
energy impact, and we, therefore, cannot give a stability- or
kinetics-consistent interpretation of the high second EA of
C
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m nds)
c n-
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f

elaxation of this highly strained structure. As shown in
xtensive computational survey of higher fluorides of60
33], the isomers of C60F48 with less uniformly distribute
ouble bonds appear to be significantly less stable tha
xperimentally observed ones. Moreover, unlike the ca
60F36, the most stable isomers of C60F48 with three or six
uorine atoms attached endohedrally are kinetically inac
ible structures. Therefore, one can expect that the majo
n stability of the C60F48-related anions is played by ste
ffects rather than by effects of electron affinity. Hence
arding C60F46

2−, compact assembly of sp2 carbon atom
nto large conjugated fragments, such as cyclopentad
60F46
2−.

We attempted to model PE spectra of various C60F34
2−

nd C60F46
2− isomers mentioned above by calculating

itation spectra of the corresponding monoanionic prod
f photoionization by means of TDDFT. As in previo
ork [10,11], PE spectra were simulated by placing
onoanion ground state to the vertical detachment en
nd superimposing the lowest doublet states of monoa
onsidered with Gauss functions. It was shown in[10] that the
rrors in the excitation energies thus obtained do not ex
.2–0.3 eV. TDDFT calculations predict a major differe
etween the PE spectra of cyclopentadienyl and
yclopentadienyl structures within 1 eV from the thresh
nergy. In the case of C60F34

2−, a common feature for the m
ority of isomers from the C60F36-related family is a two-ban
hape of the simulated spectra, whereas four bands are
on for all isomers containing two cyclopentadienyl fr
ents, corresponding to the symmetrized products of

ypical Hückel-type HOMOs of five-membered cycles. H
Os for the particular case of the C2v isomer are presented
ig. 5. Similar distinctions between the spectra of allylic i
ers (two bands) and cyclopentadienyl isomers (four ba

an be predicted for C60F46
2−. Unfortunately, the experime

al PE spectrum of the latter covers a range of only 0.5 eV
oes not allow isomer identification. This, however, does
pply to the 4.66 eV PE spectrum of C60F34

2−, which covers
uch wider energy range. InFig. 6, we present a comparis
f the experimental 4.66 eV PE spectrum and simulated

ra of the most stable C60F34
2− isomers. Although from th

ormal point of view, two-band spectra of the C60F36-related
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Fig. 5. Four HOMOs of theC2v isomer of C60F34
2−.

isomers seem to simulate the experimental data somewhat
better, the 4.66 eV spectrum apparently contains no fewer
than three partially resolved bands, which is in better agree-
ment with the TDDFT results for cyclopentadienyl isomers.
Unfortunately, the presence of the RCB leads to a cutoff on
the high-energy slope of the spectrum and precludes a more
definitive judgment. However, we stress that the formation of
the isomers that belong to the C60F36-related family seems
unlikely on the basis of our electron affinity calculations.

3.4. Repulsive Coulomb barriers

The estimated RCB heights of 1.0± 0.2 eV are somewhat
lower than that derived by Compton and co-workers for

F
w
d
e

C60F48
2− (1.5 eV) from the charged-sphere model[14].

However, the equation used in[14], which contains a
conducting sphere potential corrected for a finite dielectric
constant, is not exact. Similarly, a formula used for RCB
estimation by Hartig et al.[34], introducing a polarization
term similar to the homogeneous external field case, overes-
timates the experimentally determined RCB in C84 dianion
(0.80 (10)–1.05 (10) eV[5]) by about 0.7 eV. We use an
alternative description for the interaction potential between
a charged dielectric sphere and a point charge given in[35]:

E(r) = e2

4πε0

(
1

r
− b

2r2

∞∑
k=1

[(
b

r

)2k
k(ε − 1)

k(ε + 1) + 1

])
, (1)

whereb stands for the radius of the sphere,ε0 is the vacuum
dielectric constant andε denotes its dielectric constant. The
power series used to express the polarization term converge
rather rapidly; for example, 15 terms allow to reproduce the
barrier shape with 0.01 eV accuracy forb> 5Å andr > 1.2b,
irrespective ofε. In the limit of a high dielectric constant,
the series converges into the exact formula describing the
interaction between the conducting sphere and a point
charge, whereas for low values ofε, the attractive term
becomes more short-range and the Coulomb barrier position
shifts towards the sphere, its height approaching e2/4πε0b.

First, an appropriate value forb needs to be found. In an
a

α

f tally
d
[
w
o sion
o the
q e the
m va-
l rage
r

ig. 6. Experimental 4.66 eV PE spectrum of C60F34
2− (above) compared

ith TDDFT simulations (see text) for three most stable isomers of this
ianion. The simulated spectra of the two C1 isomers proved to be virtually
quivalent.

e ra-
d the
c
U -
a ectric
ttempt to estimate the dielectric constant of C60 we derive

= ε − 1

ε + 2
b3 (2)

rom the Clausius–Mosotti relation and the experimen
etermined gas-phase polarizability value of 76.5± 8.0Å3

36], we found that the result is meaningless forb< 4.25Å,
hereas center-to-nuclei distance in C60 is only 3.57Å. This
bservation, which can be accounted for by the protru
f �-electron clouds far beyond the nuclei, brings up
uestion of the correct choice of the sphere radius. Sinc
ajor contribution to the polarizability comes from the

ence electrons, the most natural option would be an ave
adius of the molecular van-der-Waals surface.

Following the approach described above, the effectiv
ius of C60 can be found as a half the distance between
enters of adjacent molecules in the closely packed C60 solid.
sing the value of 5̊A thus obtained[37] and the polariz
bility value presented above, one can estimate the diel
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constant of C60 to be 6.0± 1.3. Our further considerations for
the case of fluorofullerene dianions will be based on theC2v

isomer of C60F34
2−. We believe that the result should not sig-

nificantly depend on the molecular structure and should not be
much affected by the attachment of 12 more fluorine atoms.
The effective radius of C60F34

2− was taken as 6.6̊A, which
includes the average F atoms displacement from the molec-
ular center of mass and the van-der-Waals radius of F (ca.
1.35Å [38]). DFT calculation of the dipole polarizability of
C60F34

− via analytical computation of the second derivatives
of the total energy with respect to the electric field yields a
97.4Å3 value of its isotropic component; this gives a value of
2.5 for its dielectric constant. As one could expect, this value
is considerably lower than that of C60 due to replacement of
the easily polarizable�-system of the latter by the F shell.

Using Eq.(1), we obtain an estimate of the RCB height
in C60F34

2−, which amounts to 1.35 eV and corresponds to
a 9-Å distance from the center of mass (or 2.4Å from the
boundary of the van-der-Waals surface). Similar treatment of
C84 (estimated radius 5.7̊A, dielectric constant taken equal
to that of C60) results in a pronounced decrease of the pre-
dicted RCB down to 1.4 eV. Although both RCB heights thus
obtained still overestimate the experimental values, the agree-
ment between classical model predictions and experimental
data is somewhat improved. One of the possible reasons for
the remaining discrepancy between the classical model and
t e
a ribu-
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u n
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s ge
f
e tadi-
e and
h ll re-
s ar in
m ed in
t t that
t

4

h
p the
d the
f r the
h ent
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m ing
m ture
s rged
a ant

fundamental information related to electron delocalization
and properties of the repulsive Coulomb barriers.
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