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We report on attachment of free electrons to fullerene& 60, 70, 76, 78, 80, 82, 84, 86) and ta:SE Cso.

The attachment cross sections exhibit a strong resonance at 0 eV for all species. The overall shape of the
anion yield versus electron energy is quite similar for the higher fullerenes, with a minimum around 1 eV and

a maximum which gradually shifts from 6 eV forsto ~4 eV for largen. The endohedral IN@Cso

exhibits a particularly shallow minimum and a maximum below 4 eV. We model autoionization of the anions
with due consideration of the internal energy distributions. The relatively low electron affinitysNf@Cso

is reflected in its reduced ion yield at higher attachment energies.

Introduction is known about larger fullerenes. Fofg-attachment thresholds
have been reported in some of the early wdfkalthough, in
contrast to G, the alleged absence of s-wave scattering does
not follow from symmetry arguments. Later work showed strong

The Langevin cross section for electron attachment to
fullerenes is large at low energies because of the large
polarizability of fuIIer'enes. Early experiments ogy€onfirmed 0-eV resonances for attachment of electrons #g%¢! and
the large cross section at low enetgjthough _they suggested transfer of electrons from Rydberg atofhs.

a threshold value around 0.2 eV below which free electrons .

could not be attachett The threshold was attributed to the  COnceming fullerenes larger tharydonly one study has
absence of s-wave captifrelowever, transfer of electrons from been devoted to the energy dependence of anion formation,
atoms excited into Rydberg statés® and subsequent electron namely forf?s.a”d Q“‘. by Abouaf and co-workerS.In contrast
attachment experimentfs?2 did not confirm the existence of a t0 Cre™, Ce4™ did not display a peak at 0 eV, although the authors
threshold. could not rule out th_at a sharp peak at 0 eV was mlssed_because

Perhaps the most compelling experimental evidence for athey had to work with reduced electron energy resolution.
resonance at 0 eV comes from depletion data of neutral NO electron attachment data have been reported so far for
fullerenes upon electron scattering; cross sections as large agndohedral fullerenes. Even though the correlation between
1000 & were obtained for the lowest electron energiess< attachment spect'ra and the elect'ronlc structu.re of fullerenes is
0.1 eV Gianturco and co-workers showed that scattering in DY N0 means obvious;14.15.181% direct comparison of spectra
the g symmetry dominates at energies below 0.03 eV due to a for empty and filled fullerenes is highly desirable. Apart from
near-threshold virtual state in the s-wave scattelng. the effect due to transfer of six electrons from the cagefNSc

As suggested in refs 9, 13, and 15 and elsewhere, formationunit to the _fuII_erene and the concomitant change in single-
of anions by capture of low-energy electrons may be viewed as Particle excitations, the Cgange of symmetry fr@h or Dsq
a two-step process, (i) capture of the electron in the polarization fOF Ceo 10 In for SGN@GCse™ will affect collective excitations
field at a rate close to the Langevin rate followed by (i) diving &t may be relevant to the formation of anidfs:
of the electron from a quasi-bound continuum state into a bound  In this work we have measured spectra for empty fullerenes
state by electronphonon coupling. The electron scattering data Cn With n = 60, 70, 76, 78, 80, 82, 84, and 86 and for
suggest a probability for conversion from step 1 to step 2 of SGN@GCso. By and large the spectra are quite similar, but with
about 40% for energies up to 3 eV, except for a deep minimum increasing size a gradual red-shift of the maximum arouné 4
around 0.4 e\t3 eV is observed; the shift is particularly strong for the endohedral

While the formation of G anions has been studied in SGN@GCeso.
considerable detail (for recent reviews see refs 15 and 16), little  Furthermore, we analyze autodetachment by modeling the
falloff of the anion yield toward higher electron energies. The

* Part of the “Chava Lifshitz Memorial Issue”. data provide information on the nature of the reaction (truly

_*Corresponding authors. E-mail:  olof.echt@unh.edu (O.E.); statistical or nonstatistic&23, the detachment energy, and the
TIIngonr.)'\élﬁelg?ggI(Erliéaﬁ-r?it/grr'szgﬂ.!':ﬂﬁ)s-brUCk energy dependence of the attachment cross settoi?1518

$ University of New Hampshire. ' However, as pointed out by Andersen et'&jprevious conclu-

' Also Guest Professor at the University of Innsbruck. sions drawn from experimental data are questionable because

~ Permanent address: Faculty of Physics, P.O. Box 368, Y0-11001 the finjte width of the vibrational energy distributions of the
Beograd, Yugoslavia.

# Also Adjunct Professor at the Department of Plasma Physics, Comenius _fuIIerenes emergin_g from a thermal source was usually ignored
University, SK-84248 Bratislava, Slovak Republic. in the data analysis.

10.1021/jp060324v CCC: $33.50 © 2006 American Chemical Society
Published on Web 03/23/2006




8452 J. Phys. Chem. A, Vol. 110, No. 27, 2006 Ptasirska et al.

Experiment and Data Modeling TABLE 1: Electron Energy Ei;, Where the Survival

. . . . . Probability Drops to 1/2, Calculated from the Electron
Experimental Details. The experiments were carried out with  Affinities E.; and Source TemperatureTo,

a crossed electron/molecular beam apparatus described in detait

in ref 24. The electron beam was formed in a custom-designed Species Ear (V) Tou (°C) Euz (8V)
hemispherical electron monochromator with a maximum resolu- gﬁo 2-262 45238 g-%
tion of 30 meV. For reasons of higher sensitivity the present C;Z 2:8;, 230 il:o
measurements were performed with an electron energy resolu- ¢ . 310 570 14.1
tion of about 126-150 meV close to 0 eV as determined from Cso 3.17 630 14.1
the full-width-at-half-maximum (fwhm) of the 0-eV resonance SeN@GCso 2.8r 605 11.8
of CI~ from CCL. The electron energy scale was calibrated using ~ Ce2 3.14 630 14.2
electron attachment to $kvhich has a narrow resonance in g’s“ g;g ggg 145“7-’
86 . .

the Sk~ yield at O eV due to s-wave scattering.
Empty fullerenes (g (stated purity 99.9%), £ (99%), and aReference 42° Reference 43¢ Reference 41.
a mixture of higher fullerenes (stated conteng,C7s, and Gq
at 33% each) were obtained from MER Corp3al$@ Cgo was
obtained from Luna nanoWorks. The powder was, without
further treatment, vaporized from an oven made of stainless
steel. The oven is resistively heated by a tantalum wire which
is isolated by ceramics and woven through bores in the stainless
steel oven chamber. The design minimizes perturbing magnetic
fields caused by the heating current. A copper capillary with a
length of 8 cm and an inner diameter of 1 mm is screwed_ into 60 64 68 72 75 80 84 9
the oven. Neutral fullerenes effuse from the end of the capillary Size n
directly into the collision chamber. Figure 1. Mass spectrum of fullerene anions formed by electron
The negative ions formed in the reaction chamber were attachmentat 0 eV. The mix of higher fullerenes was vaporized at 630
extracted by a weak electric field toward the entrance of the °C.
guadrupole mass spectrometer. The mass selected negative ions )
were detected by a channeltron detector and the pulses processdyllerenes other than dg we scaleE(T) and thereforeC with
using a pulse counting technique and computer. The intensitythe number of vibrational degrees of freedom, 3 6 (q =
of a mass selected negative ion was recorded as a function offumber of atoms).
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the electron acceleration voltage. Several groups have measured the time dependence of the
Modeling Autoionization. The observed intensity of ful- ~ Survival probability of Gy~ as a function of the electron energy.

lerene anions exhibits a gradual decline beyond a maxi- Their data were analyzed as outlined above to dediicnd

mum located around-46 eV. As shown in earlier work ondg, A34101118.23252However, as demonstrated in ref 16, a large

Cro, Crs, and Gy this falloff is, at least partly, caused by Systematic error arises when the distribution of vibrational

thermally activated electron detachment, or autoionization in €nergies in the canonical ensemble @ €merging from the
short3410-12.18,23.25.28)\/e follow the treatment by Andersen et Not oven is ignored. We avoid the error by numerically

al. (see section 8.2 in ref 16) to model the survival probability, integrating eq 1 over the energy distribution which is, to a good
approximation, Gaussian with a width (standard deviation) of
Psurn = eXp(=kt) (1) 0ov = Tovy/Ckg. For example, for g at an oven temperature

of 460 °C the width is 0.72 eV.
of the metastable aniontis the instrumental time necessary Furthermore, we distinguish betwe@pandTe ~ T, — EJ

for their detection, and the rate coefficiéris assumed to follow  (2C). For theA-factor of Gy~ we useA = 3 x 10° (Ti/K)2s2,

an Arrhenius relation, which is based on an thermally averaged capture cross section
of 60 A2 and takes into account the 6-fold electronic degeneracy
k=A exp{— a ) 2) of the anion® Ty ~ T, — EJC is the temperature of the reaction
kg T, product (Gg). TheA factor of G~ is assumed to scale with the
sizen.

whereA is the Arrhenius factor an#, the activation energy
for electron emission which we take to be identical with the Results and Discussion

electron affinityEas (see Table 1) of the neutral fullerene. . ) )
Te in eq 2 is the so-called emission temperafifréost Mass Spectrum of Anions. Figure 1 displays a mass
authors?410.11.18232528ave used the parent temperature instead, spectrum of anions obtained by electron attachment at 0 eV to

i.e., the microcanonical temperatufg of the anion which is a mix of higher fullerenes. The spectrum reflects the abundance

calculated from of neutral fullerenes; no fragment ions are formed under these
conditions. Dominant species argsCrs, and G4 in agreement
EX(T,) = Eol(Toy) + Ear T Ee 3) with the manufacturer's specification. The intensity ofo.C
which is of particular interest for a direct comparison with
E* is the total excitation energy of the metastable anEy(Toy) SeN@GCg, is, unfortunately, very low.

the vibrational energy of the molecules emerging from the  Attachment Spectra for Cgp C7o, C76, and Cgq and
fullerene source at temperaturg, andE. the electron energy.  Comparison with Previous Work. There has been a consider-
E(T) denotes the dependence of the vibrational energy on theable controversy over the electron attachment cross section for
temperature which may be computed fogo@om its well- Cso and, to some degree,;& Only one published report was
known vibrational frequencie®.From T, one obtainsle ~ T, devoted to higher fullerenes, namely;sGand Ga.!® Before

— E4/(2C) with C being the (vibrational) heat capacity. For presenting our data pertaining to other fullerenes, we compare
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our results with previously published work. There is a rich 0 2 4 6 8 10
literature on attachment of free electrons tg!€516-1325.26,29 LR e e s o N S o
and some work on £.131011Early experiments by M& and d) O —
co-workers? Compton and co-workefsand Vostrikov and co- 084 - - - - Elhamidi 2001

workerg® had indicated a barrier £0.2 eV toward electron
attachment to €. The results found further support in the
temperature dependence of the attachment rate coefficient
measured by the flowing-afterglow/Langmuir probe technique
by Smith and Spanél. Tosatti and Manini explained the
findings as arising from the rotational barrier for p-wave
scattering and the absence of s-wave scattering for the nearly
spherical Go.6 However, according to recent computations
employing more realistic interaction potentials, the threshold .
for p-wave scattering is much lower than calculated previ- %) e
p g p G - - - - Elhamidi 2001

ously?2-30 76

Moreover, experiments by Compton and co-workefmnch
et al.7 and Hotop and co-workeéfshowed that reaction rates
for electron transfer from Rydberg atoms tgoCxhibit a
dependence on the Rydberg quantum nuntbeharacteristic
of strong s-wave capture. Subsequent measurements by Vasil'ev
et al.}' Abouaf and co-worker¥, Vostrikov et al26 and
Krishnakumar and co-workérsdid indeed show resonances
in the cross section for attachment of free electrons at the same
energy as for S§ within the stated experimental energy
resolution of<0.1 eV. Also noteworthy is the work by Kresin
and co-workers that shows a strong low-energy resontnce.
Their energy resolution was only 0.3 eV fwhm, and their energy
scale was not calibrated by direct comparison with another
molecule known to have a 0-eV resonance. However, they
measured the depletion of ad®eam rather than the formation
of Cgo~, thereby avoiding the application of an ion extraction
field and its possible distortion of the energy scale. 05

In Figure 2 we present our data folsd>Cro, Cre, and G : a) C :.:Eﬁaﬁmmg‘/
together with literature data foreg*?1113Cy0,° and Gg and 3 60 s Vasilev 1997
Cs4.18 Other data reported forggand Go will be included in g o Kasparovich 2001

«— this work

b) —+—this work
= = = = Elhamidi 1997
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o

the discussion.

For ease of comparison, all data in Figure 2 have been scaled
to the same height at their maximum aroundé&4eV. In this
representation, the strength of the 0 eV resonance differs widely
among data sets. Such a variability is not surprising for a
resonance that is narrower than the energy distribution of the
electron beam. Furthermore, different methods have been applied
to correct the ion yield for changes in electron current. In the
present work, the electron current is constant withit0% for
Ee > 0.3 eV but it drops off strongly at lower energies. We Figure 2. Our electron attachment spectra fogGCro, Cre, and G
have chosen not to correct our data for changes in electronShown together with published spectfd: 1312

current; therefore, the strength of the resonance at low energie§emperature or a larger instrumental time required for detection
is underestimated. In general, the amplitudes and shapes of the)t 1o anions as discussed further below.

low-energy resonances reported by us and others have to be o, ¢ - spectrum shows a series of local maxima or distinct
judged with a grain of salt. shoulders. By fitting a set of Gaussians, we determine their
With this caveat in mind we find that oursspectrum agrees  positions to be 1.0, 1.7, 2.5, 3.1, 3.7, 4.6, 5.8, and 8.4 eV, with
closely with the spectrum reported by Vasil'ev eteh narrow uncertainties of:0.1 to+0.2 eV. The Abouaf spectrum shows
maximum at 0 eV is followed by a deep minimum around 0.4 3 similar series of peaks which the authors place at 0.75, 1.20,
eV, a stepwise rise to 1 eV, and a broad maximum that levels 2,08, 2.74, 3.5, 4.27, and 5.35 eV. Another maximum (giving
off above 6 eV. A similarly deep minimum at 0.4 eV is also rise to a shoulder) is seenaB eV in their spectrum although
seen in the data by Kresin and co-workErbut the large scatter  the authors do not mention it. All these values are below our
makes it difficult to judge the spectral shape beyond that values; the average difference is 0.3 eV. In a recent publication
minimum. Krishnakumar and co-workéfsreported a G~ spectrum that
In contrast, and despite their stated higher energy resolutionwas similar to Abouaf's except that their 0-eV resonance was
(30 meV at 0 eV), Abouaf and co-worké?tseport a rather broad ~ much narrower and stronger, and their subsequent maxima were,
and weak resonance at 0 eV followed by a shallow minimum like ours, located at slightly higher energies(.2 eV) than in
at 0.25 eV and a broad bump between 0.8 and 1.5 eV. For higherthe Abouaf spectrum.
energies, their spectrum resembles ours. Their more rapid falloff  As for Cyo, the only published spectrum of good statistical
toward higher energies could be caused by a highes@urce quality is the one by Abouaf and co-workéfst is included in

Vasilev « 4

Electron energy (eV)
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Figure 2. Above 2 eV the agreement with our spectrum is
reasonable. In particular, the positions of the maximum around
5 eV and some weaker features agree quite well. The faster
falloff toward higher energies could, again, be caused by
differences in source temperature or the instrumental time scale.
However, there are serious deviations below 2 eV. Our spectrum
shows a gradual decrease from the 0-eV resonance toward a 0
minimum at 0.8 eV. The Abouaf spectrum shows no such
minimum but a pronounced local maximum at 0.4 eV. In support
of our results, a (rather noisy)-g spectrum published by
Vasil'ev et al!! (not shown) is quite similar to ours, except
that their 0-eV resonance is narrower.

The only previously published work on higher fullerenes is 0
for Cz¢ and G4 by Abouaf and co-worker$ For G the overall
agreement with our data is not bad. However, their intensity
around 2 eV exceeds ours by a factor 2, and we do not observe
the strong local maximum that Abouaf find at 0.2 eV (this
maximum is difficult to discern from Figure 2; it is as large as 0
the 0-eV resonance in Abouaf’s data). Whereas the disagreement
below 0.5 eV could possibly be attributed to different procedures
used to correct for the energy dependence of the electron current,
the disagreement at higher energies (up to 3 eV) is discomfort-
ing.

Our Gg4 spectra show a distinct 0-eV resonance, a shallow
minimum around 1 eV, and two distinct maxima at 2.0 and 4.7
eV. The Abouaf spectrum resembles ours above 1 eV, except
for a deeper minimum around 3.5 eV. However, their spectrum
does not show a resonance at 0 eV. They admit that they had
to record their @, data with reduced energy resolution in order
to make up for a low g intensity in the neutral beam and that
they might have “missed a sharp peak at zero if it exitts”.

In summarizing this section, above-3 eV, we find good to
modest agreement between oup,CCro, Crs, and G4 Spectra
and those published in the literature. Some striking discrepancies
exist below 2 eV. Also, an unexplained shift of 8.2.3 eV 0
exists between our dg spectrum and the one reported by
Krishnakumar and co-workefd on one hand and the Abouaf
spectrurt® on the other hand.

Comparison of Cso, C70, C76 C78, Cgo, SGN@Cgo, Cg2, Csa,
and Cge. Figure 3 displays our results. For ease of comparison
we have included our spectra already shown in Figure 2. The
spectra have been scaled to equal height at their maxima around
4—6 eV. The spectra are also displayed with reduced scales to
reveal the relative height of the low-energy resonance. In
general, the spectra are quite similar. They show a distinct peak
at 0 eV, a minimum somewhere between 0.5 and 1 eV, a broad 0
maximum around 46 eV, which is a factor 210 weaker than
the 0-eV resonance, and a gradual decrease toward higher
energies. This latter feature is partly caused by autoionization;
it will be discussed in the following section together with the
dashed curves which model the process. The temperatures at
which the fullerenes were vaporized are listed in Table 1. 0

o

o

lon signal (arb. units)

As explained earlier, the anion yield below0.5 eV is 2 EI:ctroneenergay (e\;)o 12
affected by the strong energy dependence of the electron current

- . . Figure 3. Electron attachment spectra recorded in this work. Each
which we did not correct for. For that reason, we do not assign spectrum is displayed with two different intensity scales. Dashed lines

any significance to the differgnt relative S'trengths of the 0-eV model the probability of thermal electron detachment from the anions.
resonances. However, for higher energies there are several

differences that appear to be significant. We focus on the

differences betweenggand SgN@ Cgp which are particularly spectrum shows a maximum at 3.5 eV, slightly less than for
prominent: (a) Some spectra show a maximum around 2 eV. Cg (4 €V) and considerably less than for several other fullerenes.
It is strongest for @ but not discernible in the SN@Cg (d) The spectra level off at different rates. Among the higher
spectrum. (b) The minimum near 1 eV is quite distinct fgg C  fullerenes, S§IN@Cgp decays most rapidly. By this we mean
but essentially absent for §¢@GCso. It is possibly masked by  that the anion yield in the normalized spectrum at, say, 12 eV
the unusually long tail of the 0-eV resonance. (c) TheN&Cgo is lower than in any other spectrum far> 70.
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In the usual, admittedly simple two-step picture, the electron ~ Whereas most authors have interpreted the attachment spectra
is attracted in the polarization field to form a temporary negative in terms of single-particle excitatiod®some have considered
ion with the electron in a continuum state. In the second step collective excitations (also called plasmon- or multielectron-
the electronic energy is rapidly redistributed into internal degrees excited Feshbach resonances) to explain the maximum in the
of freedom, and eventually a long-lived (metastable) anion is anion yield around 5 eV?&1919also see earlier theoretical
formed in which the excitation enerdy* is randomized. The work.2! According to Tuktarov and co-worket&, plasmon
energy exchange may excite the target molecule electronically excitations can quantitatively account for the yield gfCand
or vibrationally, giving rise to so-called electronic and vibra- C7o~ above 2 eV, whereas the structure at lower energies is
tional (or nuclear) Feshbach resonances, respectively. Thedue to single-particle excitations. However, their computed
observed anion yielt{Ec) may then be written as the product excitation spectra fail to account for the resonances in the
of the initial capture cross sectian the sticking probability experimental attachment spectra below 5 eV (see Figure 2).

Psick which reflects the efficiency of energy redistribution  No compelling explanation has been offered for the minimum
between the electron and the target molecule, and the survivalin the anion yield at low energies which is especially pronounced
probability Psur, for Cgo, at 0.4 eV. One interesting suggestion is in terms of the
RamsauetTownsend minimum for s-wave scatterftpecause
1(Ee) 0 0PstickPsuny (4) resonant features in the elastic scattering and electron capture

. ) ) . cross sections often correlate. Experimental data for the elastic
The energy and size dependencePgiy will be discussed in cross section do not extend below 1 &hut the computed

the following section; it is at least partly responsible for feature p, 1 sauerTownsend minimum for scattering in the, sym-
d listed above. The other features—ac, are attributed to the metry is, indeed, located at 0.4 é¥.However, no such

energy and size dependenceadisic . minimum is found in the computed total, integral cross section
At low energies, a large capture cross section for s-wave ¢, oastic scattering®

electrons arises from the polarization poterii) = —oJ(2r) In summary, the observed resonances in the attachment

(in cgs units,a is the polarizability of the fullerene). An- . ; T - .
toniewicz et aB! were among the first to compute the energy spectra of@oare sfull Iacklng acon.cluswe interpretation, despite
of bound states in such a potential, suitably modified by a the vast information that is available for this molecule. The
repulsive term for small to mimic a diélectric sphere. Forg6; electronic structu_re of higher fuIIere_nes, |n0|ud|ng;|§£@(_:30,
the polarization potential for s-electrons may be too weak to has been the subject of ml.JCh experimental an_d theoretical Wo_rk
support bound statés? (see ref 39 for recent reviews). The geometric and electronic
Kresin and co-work.eﬂé have determined the sticking prob- structure has been characterized by high-level computations,
ability Psiick for electron attachment togg; defined as the ratio visible-IR absorption and Raman s.pectroscopy,_EPR, NMR’
between the cross section for formation of long-liveg-Cand mass spectrometry, and other experimental techniques. Still, an
the Langevin cross section. They fif ~ 0.4 (with a large interpretation of our attachment spectra with this published work
. ick ™~ . .
experimental scatter) below 0.3 V, followed by a deep, narrow would appear premature. Are the special featqres: af
minimum. In this context it is interesting to mention a recent SGN@Gy listed above related to the transfer of six electrons
) . from the caged S& complex and the unusually low band gap
electron attachment study forg€in nonpolar solvents b -
y foree P y of 0.8 eV of this molecule”® How does the change of the cage

Holroyd3? It was observed that the rates are very fast, 20

comparable to the rates found for the most efficient acceptors tsg/ mr?etry frosztor nglfotrth;olto I('; for S d%N@CBfO thaffect.

such as S§ Only for solvents with very high electron mobility € plasmon Speclrumx IS the Siz€ dependence of the maximum
anion yield caused by the shift of the plasmon peak which,

did the rate drop below the diffusion limit. ding to Tukt t al lesrad/4 ding t
Several authors have attempted to interpret the structure jnaccoraing to 1 uxtarov et al., scales , corresponding to a

the attachment spectra at higher energies, albeteeV. A decrease by 8.6% frome6.to .C%? Further work Is required

common procedurél®1L18although not very successful, has before these and other questions can be answered.

been a comparison with electron energy loss (EEL) spectra Autodetachment.The decline of the g~ yield beyond the
measured in the gas pha$é? Leziug® has criticized such a ~ Maximum at~6 eV is, at least partly, related to the energy
comparison because EEL spectra reflect vibronic excitations in dependence of the survival probabil®y. (see egs 1 and 4).
the neutral target molecule whereas resonance-like features inThe decline oPs, with increasing source temperature has been
the attachment Spectra refer to excitations in the anion. demonstrated Unambiguously in refs 23 and 12. Several authors
Furthermore, attachment spectra will be affected by the adiabatichave attempted to determings, by analyzing the time
electron affinity which becomes available to the system. dependence of the anion yield. By extrapolati(ig. t) to zero
LeziusS has interpreted theggattachment spectrum in terms ~ time, they extracted the inherent energy dependence of
of bound-bound electronic transitions, obtained from the 0Psick®*1%*1826They concluded thatPsic diminishes with
calculated density of states of the anfdriThe agreement is  increasing electron energy or, in other words, that the decline
good if 50 transition probabilities are fitted to the experimental ©Of the observed ion yield above6 eV is not solely due to
spectrum. autodetachment. Andersen et al. have questioned this conclu-
Some authors have attempted to correlate the attachmengion®In areanalyzis of published data they showed that proper
spectra with calculated cross sections for elastic electron consideration of the energy distribution of the fullerenes
scattering. For example, Ekardt and co-workers find narrow emerging from a source at temperatdig yields values for
resonances at 3.7 and 6.5 eV; the energies drop to 3.2 and 5.7 Pstick that do not markedly depend d&.
eV if higher harmonics in the core potential are included. Instead of measuring the time dependence of the ion yield
Gianturco and co-workers compute several resonances in thiswe invert the procedure by modeliiy,, and comparing the
energy range which are, again, dependent on the details of theresults with the measured ion yiels,(Ee) as defined in eq 1
potential** Furthermore, in the experiment the resonances will is a smeared-out step function. In Table 1 we list the electron
be broadened and shifted by vibrational coupling that is not energies;, at whichPg, drops to 50%. The computed values
taken into account in the calculatioffs. depend on the electron affinity and source temperature (listed
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in Table 1) and the heat capacity (or number of vibrational
degrees of freedom). TH&, values correlate qualitatively with
the experimental falloffs which occur at low energies fep,C
Cro, C7e, and SeN@GCeo (in that order) and at particularly high  \ass Spectrom1997 11, 757.

energies for g and Ge. The unusually small value &/, for (12) Prabhudesai, V. S.; Nandi, D.; KrishnakumarHgr. Phys. J. D
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cross section for electron capture in the polarization field of a  (16) Andersen, J. U.; Bonderup, E.; Hansen,JKPhys. B2002 35,
pointlike ion; this Langevin cross section scales agB (s- R1. o
wave capture). The results, scaled to the experimental maxima, gg Emgpr;i(? "Os.psgﬂ’m% Fj]h.y/i'bgtljzf ?hfgj S,azgé Spectron2001,
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with the experimental data is found ford>Crg, Cgp, and Ga. (19) Tuktarov, R. F.; Akhmet'yanov, R. F.; E. S. Shikhovtseva; Lebedev,
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