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Abstract

Kinetic energy release distributions for spontaneous (metastable) decay of fullereneZonka@e been determined for
parent sizes = 58, 60, and 70, and charge states 1, 2, 3, and 4. Extensive numerical modeling has been applied to
verify that the shapes of fragment ion peaks in our mass-analyzed ion kinetic energy (MIKE) spectra are not affected b
discrimination, making it possible to derive the center-of-mass total kinetic energy release distributions directly from the
spectra. Measurements involving,l; and GH; ions confirm the accuracy of the approach. (Int J Mass Spectrom
185/186/187 (1999) 813—823) © 1999 Elsevier Science B.V.
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energy

1. Introduction molecular cluster ions employing either time-of-flight
or double focusing magnetic sector field instruments
Mass spectrometric analysis of spontaneous (meta-(see [2—4], and references therein), and the more
stable) reactions of atomic cluster ions has provided a recent analysis of metastable carbon cluster ions
wealth of information about these intriguing species [5—-11]. One objective of this approach is to determine
[1]. Surprisingly few studies, however, have at- the dissociation energy of cluster ions, another one is
tempted to unravel cluster energetics through the the question of whether the dissociation channel
analysis of kinetic energy release (KER). Notable involves a reverse activation barrier that, in turn,
exceptions are the analysis of metastable argon andwould carry microscopic information about the disso-
ciation mechanism. The question is particularly per-

tinent to G, emission from fullerenes where several

* Corresponding author. N ‘ competing mechanisms have been proposed ([12—14],
Guest professor at the Institutrfuonenphysik, Innsbruck. and references therein).

Permanent address: Department of Physics, University of New . . . . . .
Hampshire, Durham NH 03824-3568. Identification of a reverse activation barrier obvi-

? Department of Physical Chemistry and The Farkas Center for ously requires measurement of the kinetic energy

Light Induced Processes, The Hebrew University of Jerusalem, releasadistribution On the other hand, a mere deter-
Jerusalem 91904, Israel.

Dedicated to Professor Michael T. Bowers on the occasion of his m'nat'on of theaveragetotal k'net'(_: energy release
60th birthday. (in the center-of-mass system) might seem to carry

1387-3806/99/$20.00 © 1999 Elsevier Science B.V. All rights reserved
Pll S1387-3806(98)14196-9



814 S. Matt et al./International Journal of Mass Spectrometry 185/186/187 (1999) 813-823

adequate information about the cluster binding en- tested by analysis of two well-studied metastable
ergy. This approach has in fact been pursued in a reactions of ions derived from propane [19-21]:
number of studies [3,4,15]. However, as pointed out
by Klots [16,17], the relation between average energy
release and binding energy is not unique; it is also ¢ ¥ — C,H + H, (6)
affected by angular momentum, moments of inertia,
and the interaction between the separating fragments.that are characterized by a very low average KER
Only knowledge of the complete kinetic energy re- [reaction (5)], and by a high average KER reflecting a
lease distribution will permit a model-free determina- 'arge reverse barrier [reaction (6)].
tion of binding energies.

In this article we present a comprehensive analysis
of metastable peaks in mass-analyzed ion kinetic 2- Experiment
energy (MIKE) spectra of fullerene ions. The KER

CsHg — CiH7 + H (5)

distributions are determined for the following reac-  All measurements were carried out with a high
tions: resolution double focusing mass spectrometer (Varian
MAT CH5-DF) of reversed Nier—Johnson type geom-
gs — Cgs + Cyforz=1, 2, 3 (1) etry (see Fig. 1). lons are extracted from the Nier-type

electron impact ion source by a weak electric field and
accelerated through a potential of 3 kV into the
zt 5 CZi+ Cyforz=1, 2,3, 4 (3) spectrometer. They pass through the first field-free
region (1 ff, length 61 cm), are then momentum-

Kinetic energy release distributions are derived from analyzed by a 48.5° magnetic sector field, enter a

MIKE spectra and characterized in terms of a gener- ggcond field-free region (2ff, length 33.3 cm), pass

6 —>Ci + Cyforz=1,2,3,4 2)

alized Maxwell-Boltzmann distribution: through a 90° electric sector field, and are finally
. detected by a channeltron-type electron multiplier

f(e) = a€ exp( - kT*) 4) operated in the single-ion counting mode. The time
B

intervals at which @ ions pass through the 1ff and
wheree denotes the total KER in the center-of-mass 2ff regions are, relative to their time of formation: 7.7,
systemT* is the temperature of the transition stadg, 31.2 us and 49.0, 60.&s.
is Boltzmann’s constant, aradis an arbitrary normal- The ion beam is defined by three slits: the source
ization constant. The a priori unknown exponétig (or «) slit in 1ff at the focus of the magnetic sector,
bound by the relation [16] 0= | = 1; a Gaussian the g slit in 2ff at the common foci of magnetic and
MIKE peak is equivalent tb = 0.5. Forcomparison, electric sector, and the collector (or exit) slit between
and in cases where the statistical quality of the spectrathe electric sector and the detector, positioned at the
is insufficient, the more common approach of Gauss- focus of the former. The dimensions of these slits
ian fits to the MIKE spectra is used as well. have a profound effect on the width and peak shape of
Parent ions are prepared with a narrow energy parent and fragment ions; this will be discussed later.
distribution down to 120 meV [18] at a beam energy Parent ions (mase,, charge state;,) may un-
of 3 keV; their small effect on the fragment ion peak dergo unimolecular dissociation anytime between
shape is eliminated by deconvolution. Extensive nu- their formation and detection:
merical modelin_g of ion trajecto_ries is carried out in mA* - m=* + mat )
order to determine the effect of instrument geometry,
slit widths, beam divergence, etc., on the shape of MIKE spectra are used to identify those reactions that
MIKE spectra. occur in the second field-free region: the magnet is
Furthermore, the accuracy of the procedure is tuned to the mass-to-charge ratio of the parent ion
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detector

Fig. 1. Schematic view of the experimental setup.

whereas the electric sector field voltadds scanned
[22]. Stable ions (and fragment ions formed in the ion
source) will have a kinetic energy oz3keV and pass
at a sector field voltage &, ~ 509 V. Daughter ions
formed in 2ff via reaction (7), however, will pass at a
voltage

myz,

U=
m,z,

0 (8)

In the present study we are only concerned with
reactions that do not involve charge separation, i.e.
which havez, = z, andz; = 0. This makes identi-
fication of the daughter mass via Eq. (8) straightfor-
ward.

We are mostly interested in kinetic energy distri-
butions of spontaneous (metastable) fragment ions.
The low intensity of these signals requires low back-
ground pressures in order to avoid collision-induced
reactions. In the current experiments, the background
pressure was below g 10 8 Torr in the first and
second field-free regions.

The present study involves fullerenes and propane.
Cso powder of 99.99% purity (or & of 99% purity)

the ion source (background pressurex5L0 8 Torr)

via a skimmer and collimator, the low-density beam is
crossed at right angles by an electron beam of variable
energy and current. Alternatively, for measurements
involving permanent gases or volatile liquids, vapor is
introduced into the collision chamber of the ion
source via a conventional capillary gas inlet system.

3. Peak shape analysis

Eq. (8) relates the positions (centroids) of daughter
ion peaks formed in 2ff to the position (centroid) of
the parent ion peak in a MIKE spectrum. However,
the parent ion peak has a finite width and a distinct
shape because of the potential gradient in the ion
source, and the finite width of slits that define the ion
beam. If no kinetic energy were released in reaction
(7), the daughter ion peak would have the same shape;
its width (relative to that of its parent) would be given
by the ratio of sector field voltages,/U,.

The kinetic energy released in the reaction will
modify the peak shape of the daughter. It is a
challenging task to extract the kinetic energy distri-

is evaporated in a temperature-controlled stainless bution from the fragment ion peak in the MIKE

steel oven typically heated to 950 K. After entering

spectrum because instrumental factors may also
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greatly affect the peak shape. However, if we ignore,
for the moment, all instrumental effects, including the
finite width of the parent ion peak, then the procedure
is straightforward [23,24]. Consider a parent ion
traveling with speed; through 2ff, dissociating via
reaction (7) under release of kinetic energyfrom
now on,e will always refer to theotal kinetic energy
release in thecenter-of-mass (cm) systpmrhe
daughter ion of massy, will thus acquire a speed,

(in the cm system) given by the relation

_ m1m2u2
2m, 2

(9)

If the daughter ion is ejected exactly in the forward
direction @ = 0), then the electric sector field voltage

required to pass it to the detector is higher than that
for a daughter ion released with zero energy by an

amountAU according to [22]
B zgmiuaCC<Au>2

Uo

€~ 4zmm, (10)

whereU . is the acceleration voltage (3 kW), is
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Fig. 2. Simulated MIKE peaks for metastable decay gfi6to Cg,
assumed to proceed with a KER of 1 eV. Peak distortion arises from
discrimination in thez direction if the length of the collector slit is
reduced.

over the left or right half of a fragment ion peak in a
MIKE spectrum,| (AU). TheAU values must then be
transformed toe with the help of Eq. (10). The
procedure is, within its assumptions, valid for any
peak shape, but care must be taken to meadlie
relative to the exact centroid of the fragment peak. A

the electric sector field voltage required to pass the yectangular MIKE peak will, obviously, result in a

parent ion (509 V), and the other quantities are
defined by reaction (7). Strictly speaking, Eq. (10) is
only an approximation; it assumes/v, << 1. In its
more common variant, frequently used to derive an
averageKER from MIKE spectraAU would refer to
the difference between ions ejected in tbevard and
backwarddirection; in this case the relation would
involve a factor 16 instead of 4 in the denominator,
and it would be exact.

The direction ofu, will usually be isotropic in the

KER distribution described by A function, whereas
a Gaussian peak will yield a distribution as given by
Eq. (4) withl = 0.5.

4. Numerical simulations

The KER distribution is easily derived from a
metastable peak in the MIKE spectrum only under
idealized conditions. In practice, the rectangular peak

cm system. The electric sector field measures the expected for a monoenergetic metastable reaction will

component of theu, velocity vector projected onto
the forward direction, i.e. ions will be selected accord-
ing to their value of ¢, + u, cos6)®. From this, and
Eqg. (10), it follows that reaction (7) with a strictly
monoenergetic KER distribution will give rise to a
MIKE peak that is very nearly [25] rectangular; its
edges will be shifted from its centroid by an amount
AU as given by Eqg. (10).

The KER distribution in the cm system can there-
fore [21,24] be obtained, except for an irrelevant
constant factor, by taking the derivativi/d(AU)

have rounded edges due to finite resolution (finite slit
widths, spread of kinetic energy of parent ions,
divergence of ion beam, aberrations of magnetic and
electric fields), and it may be dished (depressed near
the center) due to discrimination. These effects have
been studied analytically and numerically [20,23,26],
but the results are strongly dependent on the geometry
of the mass spectrometer being used, and on the
reaction under consideration.

In the present article we explore the effect of slit
geometry, beam size, divergence, and KER by numer-
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ical simulations. The ion optics prograsmion 3D R R
6.0 [27] was used to trace trajectories of ions. Fig. 2 B Cep >Csg +C; KER=05eV 1
displays a simulated MIKE peak of:gfragment ions @
formed from G, via reaction (2), based on the 5 g| 1
numerical evaluation of 40 000 individual ion trajec- g -
tories. Parent ions of 3 keV (monoenergetic) are = -

. . s oL ! point source e .
assumed to travel exactly along the beam axis with & * 2 - = narow beam ‘%f
zero divergence. Dissociation happens anywhere be- § ,"l'f" -------- +1° divergence AR
tween the two sector fields with a monoenergetic KER o | tdSr] oo #l0divE&0Smmdia | Mgy
of 1 eV, the location and direction of dissociation are 492 493 494 495 496 497 498
chosen randomly for each event. The resulting MIKE Sector field voltage (V)

peak (Fig. 2) is approxmgtely ﬂ?'t to_ppe,d if the _fu” Fig. 3. Simulated MIKE spectra for metastable decay gf iGto
length of the collector slit in the direction is used in ¢ assumed to proceed with a KER of 0.5 eV. Increased

the simulation (line labeled “100%"), but significant broadening is observed when the assumptions about parent ion
dishing occurs for reduced slit lengths. (The width of Peam diameter and divergence are relaxed.
the collector slit, however, is effectively treated as

zero, because in the simulation we map the point of iy the focal plane (i.e. th@ slit) and the parent ion
arrival of fragment ions in the plane of the collector peam has zero divergence; this scenario gives rise to
slit at a fixed sector field voltage, rather than scanning g pmIKE peak with very sharp edges. The dashed line
this voltage). (labeled “narrow beam”) is obtained if the parent ion
The depression towards the center of the MIKE peam has zero diameter and zero divergence, but
peak is attributed to those ions that are emitted with a gissociation occurs randomly anywhere in 2ff. The
largez component (i.e. perpendicular to the beam axis gqges of the MIKE peak are broadened further if the
and parallel to the length of the slit) and, thus, miss parent beam has a finite divergence-of®, but still
the collector slit. For a given geometry, the effect ;grg diameter in the focal plane (dotted line). The
depends on the ratio oh/v,. A large KER and small  proadest peak (dash-dotted line) is obtained if, in
mass ratio of the two fragments,/m; (wherem, addition, the beam diameter in the focal plane is set to
refers to the fragment being detected) will lead to g finjte value of 0.5 mm. Clearly, the last scenario is
increased distortion [see Eq. (9)]. As Fig. 2 demon- ne most realistic one; it will be used in the following
strates, reactions (1)—(3) will not suffer from this {5 compare simulated with experimental MIKE peaks.
effect as long as the KER stays below 1 eV and the slit  The derivatives of the simulated MIKE peaks
length is set to its maximum. (Dishing will, however,  shown in Fig. 3 would result in KER distributions of
be significant [28] if fragments arise from charge finjte width. This problem will be revisited in our
separation reactions which lead to much larger KER iscussion of GHY decay that features a rather

values.) _ o narrow KER distribution. For fullerene ions, however,
The edges of the simulated MIKE peak in Fig. 2 experimental MIKE spectra do not show any features
are rounded because of the finite width of {Bieslit as distinct as in Fig. 3; in this case a slit width of 0.2

between the two sector fields. This effect is explored gny significant distortions.

in more detail in Fig. 3 where the results of four

different simulations are shown. Again, decay ¢,C 5. Kinetic energy release distributions of

into C2g is modeled, but this time with a monoener- metastable GH; and C;H

getic KER of only 0.5 eV (close to the experimental,

average value of about 0.4 eV, see below). The solid  The experimental setup was tested by measuring
line is obtained if fragment ions are formed at a point MIKE spectra of GH4 and GH5 parent ions, pro-
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N value decreases thU/U = 0.00097after deconvo-
I C3H8+_>C3H7++H MIKE spectrum lution (dashed line in Fig. 4). Upon transformation
r o5 (taking the derivative of the MIKE peak), we obtain a
/ KER distribution as shown in the lower panel in Fig.
E ¥ 4. Its average value is 9.4 meV, in excellent agree-
L & \ ment with the value of 9.6- 0.3 meV reported by
i '8 Medved et al. [19].
Careful inspection of the MIKE spectra reveals a
\\_°iugo_aampgo%% slight asymmetry. The peak exhibits a longer tail on
: : the high-energy side, towards the parent ion peak.
This effect has been attributed to decays occurring in
the electric sector [26]. For this reason, we generally
use only the left half of the MIKE peaks to derive
KER distribution | KER distributions. The asymmetry limits the accu-
<KER>= 9.4 meV racy with which the centroid of the peak can be
determined. We determine the latter quantity by
fitting a Gaussian to the peak over a range which
completely includes the left half, but only a small part
of the right half. The importance of choosing the
correct center of the MIKE peak, as well as the effect

P Ly of smoothing with FFT filters, will be explored in Sec.
0.00 0.01 0.02 0.03 6
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Ton signal (Hz)
40

20
O
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Kinetic energy release (¢V) Reaction (12) (metastable decay ofHz) is well
Fio. 4. Resul wining t the d of S into G + H suited to test the quality of the experimental data and
ig. 4. Results pertaining to the decay into 7 +H. . .
The upper panel displays MIKE spectra. Open circles: raw data; the data anaIySIS' the average KER Is very close

dotted line: smoothed data; dashed line: smoothed data deconvo-[21,30] to that expected for reactions (1)—(3) (approx-
luted with parent ion peak. The bottom panel shows the KER imately 0.4 eV), and the daughter-to-parent ion mass

distribution derived from the deconvoluted MIKE spectrum. ratios are also quite similar (41/43 f0f3|€7+ as
compared to 58/60 for §). This is important because

duced in the ion source by electron impact ionization the extent of any discrimination that might occur at

of propane: the collector slit for large perpendicular velocity
components ofi, will, as Eq. (9) shows, depend on
CsHg — CgH7 + H (11) the KER as well as the mass ratio.

Furthermore, reaction (12) features a reverse acti-
vation barrier [21,30] which gives rise to a distinct
Reaction (11) is accompanied by a very small average non-Gaussian MIKE peak. Fig. 5 displays our exper-
KER, on the order of 0.01 eV, thus requiring high imental MIKE spectrum (top, open circles). The
resolution and deconvolution with the parent ion dotted line (nearly coincident with the dashed line, see
peak. Fig. 4 shows the experimental MIKE peak (top below) presents the result of a nonlinear least-squares
panel, open circles), the dotted line represents the datafit of a symmetric plateau function with rounded
after smoothing. Smoothing as well as deconvolution edges. (The function is a product of two generalized
are based on fast Fourier transform (FFT) techniques Fermi—Dirac distributions, involving four free param-
[29]. The MIKE peak is very nearly Gaussian, with a eters describing the width, height, centroid, and steep-
relative width [full width at half maximum (FWHM) ness of the edges.) The experimental MIKE peak is,
divided by peak position] cAU/U = 0.00124.This within the statistical error, flat topped, i.e. there is no

CsH7 > CiHZ + H, (12)
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eV. The average KER values, however, do not agree
ST CH, »CH, +H, MIKE spectrum quite as well; Holmes et al. [21] report 0.44 eV
o . . whereas we obtain 0.40 eV. This difference is caused
g "o50° ;;:° by an apparent distortion of our distribution above 0.6
% °r TE eV that leads to physically unreasonable negative
B oo values above 0.66 eV (our average KER of 0.40 eV
£ refers, in fact, to the energy interval 0:0 KER =
- ar 0.66 eV). The distortion arises in the deconvolution
o LSt procedure from the application of FFT techniques.
431 482 483 484 485 436 487 488 489 The issue is explored further by simulating MIKE
Sector field voltage (V) spectra for reaction (12). First, a spectrum is simu-
lated taking into account the finite beam diameter and
2 o KER distribution | divergence (Sec. 4) assuming a KER of 0.39 eV. A
g - symmetric plateau function is then fitted to the result-
g ing MIKE spectrum (solid line in Fig. 5, top). The
> edges of this simulated MIKE spectrum are signifi-
:':é ph ] cantly steeper than those of the experimental data
S (open circles and dotted line) because a monoener-
P getic KER was assumed. However, a problem be-
S | % | comes apparent if we transform this simulated MIKE
o0 oz Tox 06 spectrum back into a KER distribution: The rounded

Kinetic energy release (eV) edges lead to a distribution of finite width (solid line
in Fig. 5, bottom), and the average value of this
Fig. 5. Results pertaining to the decay ofG into GHs + Mo gigtribution will exceed the input value of 0.39 eV
The upper panel displays MIKE spectra. Open circles: raw data; .
dotted line: fit to data; solid and dashed lines: fit to simulated MIKE D€Cause of the quadratic dependence of the KER on
spectra. The lower panel shows KER distributions derived from the the sector field voltage [Eq. (10)]. These discrepancies
dec_on\_/oluted experimental data (open circles) and the simulation arise from the lack of a proper deconvolution of the
(solid line). i
simulated MIKE peak.

An alternative procedure, however, can avoid the
somewhat ambiguous deconvolution altogether: we
in agreement with our expectations based on the US€ the KER distribution derived from the experimen-
simulations shown in Fig. 2. tal MIKE spectrum (Fig. 5, bottom, open circles) and

The data are smoothed, deconvoluted with the @PProximate it by a histogram. For each energy bin
parent ion peak, and transformed to yield the KER We run ion trajectories with the corresponding (mo-
distribution shown in the lower panel in Fig. 5 (open noenergetic) KER, the number of trajectories being
circles). The threshold value of about 0.2 eV (which Proportional to the bin height. The sum of all these
corresponds to the flat-topped part of the MIKE peak) trajectories generates a simulated MIKE spectrum that
reflects the existence of a large reverse activation is based on the experimental KER distribution. A
barrier. Generally, the shape of the distribution is in plateau function is fitted to this MIKE spectrum as
excellent agreement with that reported by Holmes et shown in Fig. 5, top (dashed line). It very nearly
al. [30]. For example, their distribution peaks at about coincides with the corresponding curve for the exper-
0.38 eV while ours peaks at 0.37 eV; their distribution imental KER spectrum (dotted line). The excellent
reaches 50% of its maximum at 0.28 and 0.54 eV agreement demonstrates that the experimental KER
whereas our corresponding values are 0.26 and 0.53distribution is, in fact, reasonably accurate.

evidence for any discrimination occurring at {Bslit,
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Fig. 6. Results pertaining to decay of{Cinto CZ5. Upper panel:
parent ion peak at 509 V, and MIKE spectra showing raw data
(open circles) and smoothed data (dotted line). Lower panel, open
circles: KER distribution derived from the deconvoluted MIKE
spectrum. Solid line: nonlinear least-squares fit of Eq. (4) to the
experimental KER distribution.

6. Kinetic energy release distributions of
metastable fullerene ions

We have recorded MIKE spectra for metastable
decay of singly and multiply chargedsgCand G,
ions, and for metastable decay ofddons formed in
the ion source from g, parent ions. Singly, doubly,
and triply charged ¢, and G ions were recorded
with the same high resolution as thgHg and GH-,
spectra B slit width 0.2 mm); they were analyzed in
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Fig. 7. Results pertaining to decay of{and G;. Open circles:
experimental KER distribution; solid line: nonlinear least-squares
fit of Eq. (4) to the experimental KER distribution.

and transformed into a KER distribution (lower panel,
open circles). Only the left half of the MIKE peak is
used in this procedure because the high-energy side
may suffer from artifacts [26]. A generalized Max-
well-Boltzmann function [Eq. (4)] is then fitted to the
distribution (solid line). It is straightforward to show
that the average KER of the distributionds= (1 +
|) T*. For the spectrum shown in Fig. 6 we thus
obtain a value of 0.40 eV.

Two more examples, the KER distributions a§C
and G, are shown in Fig. 7. In this case, Eq. (4)
provides an almost perfect fit to the data. This attests

the same way. Fig. 6 shows, as an example, the resultsto the absence of a reverse activation barrier for these

for C34. The upper panel shows (open dots) that the
parentions peak at 509 V and that the MIKE spectrum
is about six times broader than the former. The
FFT-filtered MIKE spectrum is deconvoluted with a

Gaussian fitted to the parent ion peak (dotted lines),

species, in agreement with earlier studies pertaining to
Cgo [5,10]. For G we have recorded and analyzed
three or four spectra for each charge state< 1-3).

The variations of the results are small fo.= 2 and

3, but the reproducibility for the singly charged ions is
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rather poor. Likewise, the quality of theiCspectra is —_ L A — . .
significantly poorer than that for3s and G;. This § S :_—-O—-L Copl - Cgg2™ +C, S
problem may be partly related to the fact that the %) [ oot /,/:/0
singly charged fullerenes in general, and,Qn S o[ --@ <KER> ,9——~—:‘§>f:——o ]
particular, have rather small metastable fractions [31], g [ o- ""./’:/ 3
thus limiting the statistical accuracy of their MIKE § of 2:;:;;3::‘::,5 . ]
spectra. . . . L
Deriving the average KER from the KER distribu- 1 15 19 23 27
tion lends the advantage that the MIKE peak does not Number of points in FFT filter
have to be of Gaussian shape. Also, a separate S ' ' xln
determination of the parametefsand T* provides Pt P ]
more information about the activation energy for %D T e
dissociation thare would [16,17]; this will be dis- § o+ o::jgz::33*25:333:—-—-0 1
cussed elsewhere [32]. On the other hand, This kind % ¢ ’Jo/”
of data analysis is not a robust procedure; consider- 2 ST o”/ ]
able errors may arise from the FFT filtering of random o - o0 o0
noise, the deconvolution procedure, an incorrect ) Center ofMIKE peak (V) ’
choice of the centroid of the MIKE peak, or a sloped
background under the MIKE peak. In the following, <= ' o_ ' ' ' ' .
we will attempt to quantify these errors. g \a\ ]
Fortunately, reactions (1)—(3) are not affected by g o} :; ;.~.—:g~_=_=gr = * :_:_:g_:_:_:_:_:_:_f-j
any significant background; the left, low-energy tails ° /8;7 ]
of the MIKE peaks properly converge to zero. Fur- % of o ./ -
thermore, the parent ion peaks are considerably nar- E ' <>’/ 1
rower than the MIKE peaks, hence the deconvolution 05 0 15 20 23
will not cause significant distortions. The effect of the Upper limit of fit to KER distribution (eV)

other factors is explored in Fig. 8, based on the MIKE
spectrum of @ar shown before. In the top panel we Fig._ 8. Assessing t_he effects that the degree of smo_othipg, the
. + choice of the centroid of the MIKE peak, and the upper limit in the

plot the relative change of the paramettrS™, and fit to the KER distribution will have on the values &f(open

€ = (1 + 1)T* versus the number of points used in circles), T* (open diamonds), and the average KER (solid circles).

the FFT filtering routine. Strong smoothing (large These data pertain to the decay g;anto C5.

number of points) results in broadening of the MIKE

peak and a concomitant increaseTh and €. The Finally, the result of fitting a Maxwellian [Eq. (4)]

smooth curve displayed in Fig. 6 (top) is based on an to the experimental KER distribution will also depend

FFT filter comprising 19 points; Fig. 8 suggests that on the range over which the fit is executed, as

this may lead to an overestimate efoy about 6%. revealed in the bottom panel of Fig. 8. The data are

The effect onT* would be 2%. referenced to values obtained with a KER limit of 1.2
The uncertainty in determining the centroid of the eV, as used in Fig. 6. Extending the fit to larger KER

MIKE peak is about 0.05 V, corresponding to the values would not changE" ande by more than a few

interval between adjacent data points in the MIKE percent.

spectrum. The middle panel in Fig. 8 suggests that this  Summarizing, Fig. 8 suggests that the data analysis

uncertainty translates to an uncertainty of 4% &&r  may possibly introduce systematic errors of about

and 2% forT* (relative to the values obtained at a 10% in the values of* ande, whereas the parameter

voltage of 491.80 V, upon which the KER distribution | may carry a much larger error. Although the values

displayed in Fig. 6 is based). were obtained from a specific MIKE spectrum, further
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Table 1 spectra of &, z = 1-3; results are included in the

Experimental results. Column 2 summarizes the average kinetic third column of Table 1. Their average KER values
energy release, obtained through the model free approach [fit )

of Eq. (4) to the KER distribution]. Column 3 shosbtained tend to be larger than those ofCand G, ions by
via a Gaussian fit to the MIKE peak. Previously published data  about 0.05 eV. This, if statistically significant, would
are compiled in column 4 indicate a slightly higher dissociation energy fd,¢
Parent € (eV) e(eV) e(eV) even if its larger number of degrees of freedom are
Ci  046=012 043 04+ 0.1° taken into account [16]. An increase in the dissocia-
cZy 044+ 0.0 0.42 tion energy would be in agreement with recent exper-
%Y 040+ 0.0r  0.42 . imental data by Matt et al. [33], but at variance with
Ceo 0-40 041 0336(’21116.2??03551‘ results of other workers [34, 35]. A detailed discus-
cZy 0.40 041 057 0.20,0.415+ 0.05' sion of dissociation energies extracted from the
C§§ 0.44 0.4}7 0.43 present data will be published elsewhere [32].
ggz 8:3; 0.376 Table 1 also lists the average KER for quadruply
czt 0.45 charged G, and G, ions. These values are derived
c3 0.49 indirectly from MIKE spectra recorded earlier with a
Cio 0.47 wider B slit [36]. Under those conditions we consis-
@ Average of three or four values, with standard deviation. tently obtained values that appeared to increase lin-
E[?]‘”apo'a‘e"v see text. early with the charge state. We have explored the
d[6]'_ effect of the slit width on the apparent average KER
°[8]. and corrected the values forgfs and G¢ accord-
;[[2171]- ingly. In the limit of narrow slits, we find no system-

atic dependence of the average KER on the charge
state of the fullerene ions.

analysis shows that they are also representative of our

spectra for decay of&3, C25, and G5 . However, the

quality of our data for ¢, and, in particular, €, is Acknowledgements
poorer, partly because their metastable fractions are }
lower [31]. This work was partially supported by thester-

second column of Table 1. Experimental errors (stan- chen Forschung, the Bundesministeriuim Wissen-
dard deviations) are derived in those cases whereSchaft und Verkehr and the Juhilasfonds der
several independent data sets were available. GivenOsterreichischen Nationalbank, Wien, and the Fonds
that the additional, systematic errors may possibly Zur verstekten Faderung von wissenschaftlichen
amount to 10%, we do not assign any significance to Auslandsbeziehungen, Leopold Franzens Univérsita
the differences found for fullerenes of different size or INnsbruck. Work at the Hebrew University was sup-
charge state. The third column lists the results ob- Ported by The Austrian Friends of The Hebrew
tained by a less elaborate but more robust procedure:;University. The Farkas Research Center is supported
Instead of FFT filtering the raw data, a Gaussian curve by the Minerva Gesellschaft “fudie Forschung
is fitted to the MIKE peak (under exclusion of the GmbH, Minchen.
high-energy side of the peak). This function is then
deconvoluted and transformed to a KER distribution
from which the average KER is obtained. The agree-
ment with the results obtained by the other method is ) ,
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