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We have measured kinetic energy releases in asymmetric fissign,-€Cs" V" +C," (r=6-9) and
evaporation gy " —Cgg "+ C, (r=2,3), following multiple-electron removal fromggin He*™ and Xé’™*
collisions at 3 keV (q=2,17). We used the recoil-ion momentum technique and limited the initial momen-
tum distribution of the target molecules by collimation of the effusiyg j€t. This yielded a resolution of 3
meV for the final kinetic energies of the chargeds @agments, mapped out as two-dimensional position
distributions at the end of a linear time-of-flight mass spectrometer. The present results for asymmetric fission
are in agreement with earlier ones deduced from time-of-flighf” (peak-shape and sector-field
Css" V" -energy analysis. Model calculations treatingtC )* and G* as conducting spheres indicate that
the autocharge-transfer process, which has been proposed to link asymmetric fission to peemna&s®n,
most likely is inactive for alr. Using a charge-independent activation energy foe@ission from Gy * of
E,=10 eV, we deduce fission barriers indicating lowsemiempirical and upper(mode) Cg, *-stability
limits of r=11 andr =18, respectively.
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[. INTRODUCTION photons from a femtosecond laser, were mpt&. So far,
no detailed understanding of this supressed fragmentation,
Highly excited finite systems, such as clusters and largavhich is surprising in view of the expected heating by the
molecules, may relax in a variety of ways such as by emisphoton field, has been reached. Theoretical predictions for
sion of photonq 1], electrong 2], and neutral smaller clus- the G stability limit spread fromr=10 by Cioslowski,
ters, molecules, or atoms. Multiply charged systems may, ifPatchkovskii, and Thig]20] to r =13 andr =16 by Bastug
addition, decay through fission processes emitting chargeet al. [21] and Seifert, Gutierrez, and Schmi@®2], respec-
rather than neutral fragments. Fission of charged clustersvely.
have been studied by many groups both experimentally and In this work we report measurements of kinetic energy
theoretically(see, for example, Ref§3—17)). The Rayleigh releasesExgr, in asymmetric fission
stability limit against fission for charged objects is defined - (r—1)+ .
through the equality between the disruptive Coulomb force Ceo  —Csg +GC, Y
and the attractive cohesive for€&3]. This limit was dem-

onstrated experimentally for the first time only in recent@nd evaporative neutral,&mission processes

studies of fission of charged microdropléid], while earlier CIt Lot 4C )
difficulties with smaller objects have been related to their 60 %8 2
internal excitations before the decay. for r=6-9 andr=2, 3, respectively. The multiply charged

tures of collisionally ionized & molecules, since the

fullerene samples are heated to temperatures around 500 °C AT+ Copm A4+ Cuf - ©)
before significant sublimation occurs and, in addition, further

substantial heating may be induced by the collision processollisions, whereg andr are the charge states of the incident
However, slow highly charged ions are known to be able tgprojectile and the fullerene before decay. In the experiment,
capture many electrons from fullerenes already at large diswe have used Xé" and Hé" projectiles, of which the
tances where they, via direct processes, only transfer smaibrmer produced stable g™ in high charge states at large
amounts of energies to the internal nuclear motion and eledistances, and the latter hGtagmenting Cq,?* and Gg**
tronic excitationg 15,16. Indeed, such collisions have been in closer collisions.

used to produce metastable or stable highly charggdo@s In 1995, Scheier, Dnser, and Mek [23] presented results
as exemplified by the observations i by Jinetal.[17]  on kinetic energy releases in asymmetric fission Qi C
and G,'°" by Brenacet al.[18] using B*" and X&>" ions, ions (r=2-7) following multiple-electron impact. In this
respectively. Quite recently, unambiguous observations ogpioneering worl23] they further introduced the autocharge-
Ceo”", produced through multiple absorption of infrared transfer(ACT) mechanism, according to which asymmetric
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fission starts out as a neutrahb-€mission process followed LJ Collimated Cy, Jet Cylindrical analyzer
by electron transfer from Lat well-defined distances. Since xe!™ |
then, this model has been used and discussed in many a I =
ticles on fullerene fragmentatioisee, e.g., Ref§10,11,23— [ oV T
28]). However, Tomitaet al. [28] argue that theiEygg val- A0V
ues may be rationalized without the autocharge-transfel
mechanism and that evaporation and asymmetric fission ar
independent and competing processes controlled by activa
tion energies and fission barriers.

In the following section, we describe the present experi-
mental technique and procedure, which uses the method c
recoil-ion momentum analysis to deduce experimental ki-
netic energy releases for the postcollisional fragmentation
processes. Section lll is devoted to comparisons with earliel
experimental results using different techniques goaltly)
different excitation method&on or electron impagt In ad-
dition, we compare measurements of kinetic energy release
in neutral G-emission processesgE” —Csg " +C, for r
= 2,3 with literature values by Ma#t al.[29], finding again
good agreement between fragmentation following collision
with Xel”™, He?*, and electron$29]. In Sec. IV, we com- time-of-flight
pare our measurements with model calculations using the
static model for over-the-barrier electron transfer between FIG. 1. A schematic of the setup for coincidence registration of
two conducting spheres of finite ra@i80] to discuss whether final projectile charge states and intact/fragmented fullerene ions.
the ACT process or the reactidfission barrier concept is An example of 50 keV X¥* ions colliding with Gy is shown. The
most apropriate to describe asymmetric fission. Finally, wenalyzer voltage is set such that only'Xeand Xé°" product ions

deduce upper and lower boundsrof 11 andr =18 for the  hit the position sensitive detect@®SDJ. The corresponding image
stability limit of CESOr+ _ on the detector is shown as an inset. The fullerene time-of-flight

distribution coincident with the outgoing ¥& ions are also shown
and for each one of the peaks in this spectrum there is a correspond-
ing image on PSD2. Examples are displayed fgfCand Gy .

The experimental work has been performed at the Manne
Siegbahn Laboratory at Stockholm University. Beams of The cylindrical analyzer is only focusing in the horizontal
slow HE" and X&' ions were provided by means of the plane and it is therefore possible to measure projectile angu-
14.4 GHz Electron Cyclotron Resonan@CR) ion source. lar scattering distributiongl5]. Here, we will, however, fo-
The experimental setup is shown schematically in Fig. 1cus on the coincidence registratigiist modeg of the final
where slow projectile ion beams enter the interaction regiomrojectile charge state and the final charge and mass of ion-
and cross a collimated effusivesJet from an oven kept at ized intact or fragmenteddg. An example is shown in Fig.
600°C. This jet points in the same direction as the lineard for the specific case in which two electrons are stabilized
time-of-flight mass spectrometer used to analyze distribuon incident Xé”* projectiles. These collisions (X&
tions of intact and fragmentedggions. —Xe'™") produce mostly intact g * ions in charge states

A 180° cylindrical energy analyzer separates different fi-r=2-9 (ther =2 andr =9 peaks are not shown in the spec-
nal projectile charge states as they hit different regions on the#um). Large fullerene fragments ¢g »,,) with rather low
two-dimensional position-sensitive microchannel plate deintensities are produced in charge states larger than or equal
tector. A fast signal from this detector is used to trigger theto three and even numbers of carbon atoms —BM
extraction field pulse, which means that the extraction typi-=58,56,54...). The time-of-flight peaks are associated
cally is switched on about Ls after the collision(slightly ~ with position distributions, which are characteristic for ki-
different for different projectiles This pulse has a rise time netic energy releases in the fragmentation processes.
of less than 100 ns, an amplitude-6fL00 V, and a duration In Fig. 2, we show position distributions for intacgand
of 100 us. As can be seen in Fig. 1, the extraction voltage iCsg fragments in final charge states 4, 5, and 6. fragment
applied to the first drift tube of the spectrometer, while theimages become wider with increasing chatged also with
outer spectrometer case is kept on ground potential. The cemcreasing numbers of lost,@nits[31]). Note that the time
ter of the projectile beam passes the extraction region at scales for the fragmentation processes are much lotager
distance of only 3 mm from the top of the grounded caseleast of the order of picosecondhan the collision times
while the total length of the extraction region is 20 mm. The(~10 fs), but also, in general, much shorter than the tiioie
three last drift tubes were kept at constant voltaged/pf the order of 10us) it takes the ions to leave the extraction
=-500 V, V,=—2000 V, andV;=—1000 V. The voltage region. Decay on time scales comparable to, or larger than,
of the front of the position sensitive detector wasthe extraction time would result in distortions and shifts of
—2700 V. the corresponding time-of-flight peaks.

— —

o]
g 'H time-of-flight
[ %)

Il. THE EXPERIMENTAL SETUP AND METHOD
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FIG. 3. Left: A 8X8 mn? zoom-in on the two-dimensional im-
age of Xe target ions produced in 50 keV X& + Xe— Xe!®"
+Xe™" single-electron capture collisions where the Xe target gas
had a temperature of 300 K. Right: A similar zoom-in on the two-
dimensional image of &' target ions produced in 50 keV X&

+ Cgo— Xe'®" + C¢," single-electron capture collisions with a col-

FIG. 2. Position images on the recoil detector for intagf T limated G jet (cf. text). Projected position distributions are also
ions with r=4,5,6 (upper row and Gg ions resulting from frag-  shown.
mentation(lower row). The latter images demonstrate the influences

of kinetic energy releases in connection with the postcollisional Ill. RESULTS AND COMPARISONS
fragmentation of @ following interaction with 50 keV X&* ions. .
The dimensions of the detector images ar¢77mn¥, which are In Fig. 4 we show the measurétker values for the pro-

only smaller parts of the whole detector ar6@ mm in diameter ~ Cess Where &'~ emits a single " molecule as a function
of the final Gg fragment charge state. This is compared with

measurements using different methods such as the MIKE

The fragment kinetic energy release scale is calibrated bYMass—anaI zed lon Kinetic Energlesnd TOF (time-of-
introducing room temperature Xe gas in the interaction re- Y 9

) ) flight) techniques. In the MIKE-scan techniq{@3-25,29,
- 1
g'OQémI zeXeil?SldeOﬁ:?:;gg bc?grtu;eimp;%iesgasrazst_efg an the energy distribution of the selected heavy fragmentg (C
- ylarg pact p jons) are measured by means of an electrostatic analyzer, and

can thus be shown to transfer only a negligible amount ot L .
" rom their widths, theExggr values are determind@3-25.
additional momentum to the Xe target. The 300 K Maxwell—In the TOF techniqué27.28, the energy distribution of the

ian velocity distribution thus directly yields the position dls-aC2+ fragments were obtained from peak-shape analysis of

tribution on the target detector. As can be seen in Fig. H ¥ ks. In th he ori :
(showing zoom-ins on target position distributiprtbie ther- e & peaks. In those measurements, the primagyi@hs

mal Xe target gas gives a detector image, which is severdf€ré produced by slow highly charged ion impact, whereas
times larger than the image due to single-electron capturg‘e MIKE-scan measurements used electron impact to ionize
from a Gy, molecule in the effusive jet. The very smalyC the Gy molecules. . "

image is due to the jet collimation, which strongly limits the In the measurements by Scheier,riSar, and Mek [23],

initial velocity distribution perpendicular to the spectrometersenn’ Mak, and Schele[25], Chenet aI.' [27]’.""?‘0' Tomita
axis. In the following we will assume linear relations be- et al.[28], the experimentally selected dissociation process is

tween perpendicular ion velocities and the radial position§hat of pure asymmetric fISSIO_n, _Of the type given by &.

for hits on the detector; that is, abberations in thaak Qur valuc_as are close to the fission data from RE#S] and
lenses of the time-of-flight spectrometer are neglected, whicgzg] for final Csg charge states 5 and 6, and 5-7, respec-
is quite reasonable as the ion trajectories are rather close tg_
the spectrometer axis even for the largésigmeny veloci- > 167 C..r —y Co D+ 4 O E
ties dealt with here. The kinetic energy release for a certain— o & 8 /

€

fragmentation process then becomes 1] ~—® Present expt. data for Xe" &
—®— Scheier et al., MIKE
0/7‘%
Acgd™) tyer 2mC58 81 /%/‘ "
Exer= 30E her A i , (4) ¢ :
xet  leggrm) | Mxe _

/ / —&— Senn et al., MIKE

Kinetic Energy Release

4 ¥/ ¥  Cheneral., TOF
whereAc_+) andAxe+ are the widths of the projected po- - Tomita ez al., TOF
sition distributiongdeconvoluted by the narrow instrumental 0 T T T T T T T )
widths as given by the images for intact fullereneshe 1 2 3 4 5 6 7 8 9
flight times are denotedye+ and tc -+, and Egpem Charge of final fragment C 4

=38 meV is the aY‘?fage kinetic en.ergy for the thermal Xe FIG. 4. Experimental kinetic energy releases for the process
g_as t_)efore the collision. Th_e re_solutlonEErp(_ER for C; emis- where G, emits a single ¢ molecule compared with earlier
sion is roughly 90 meV, which is 607230 times larger than  neasyrements based on other methods, such as the MIKE technique
the ~3 meV instrumental resolution measured through the,y scheier, Doser, and Mek [23], and Senn, Nik, and Scheier
relation between the widths of the peaks for intagi'Cand  [25], and the TOF technique by Chen al. [27] and Tomitaet al.

Xe* [cf. Fig. 3 and Eq(4)]. [28] (cf. texd).
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TABLE |. Experimental kinetic energy releas@s units of e\) 204 I=2 Ce?t = C*+C,* r=3
A Fecd r (r—=1)+ + 4.5
for the asymmetric fission processeg C— Csg +C,". 15 w
Ceo © r=6 r=7 r=8 r=9 S 10 354
L s
Exer 7404 9.1+0.5 12.6:1.0 15.0:1.1 > Car* 2 Cy®*+C, 307 Cu¥* 2 C?*+ G
86 004 — "
g 1'0 1I2 ll4 1'6 118 2'0 1.0 1'2 llJ 1'6 1's 2'0
' ,:_; 769 r=4 159 s
tively. The results of Senn, Mk, and Scheief25], for which g 74 110 m
no error bars are given, lie above all other measurements2 ™1 105+ o Dte T
Purely evaporative processfiq. (2)] are selected in the & :: yz 10.04
measurements by Madt al.[29], yielding much lowelEgg 661 Cu = C+CF :i
values than for fission. In our measurements we see large .43 o5 Ca® = Cy** + Cy*
contributions from evaporation of neutral, Qnits, for final s 10 11 12 9 10 1 12
charges of G ions lower than 5. Our measured kinetic en- Center-center distance R (units of a))

rgy rel for Cemission from G°" are 0.9-0.3 an
ggz Oeze:\sleforl)ova:a GST(SV Hg* a%d 32 ie%gf(gg ?nd FIG. 5. The interaction energies for two conducting spheres
N 9 used to model the &' V¥ +C," and Gg * +C, intermolecular

pact, respectively. The latter measurements are in agreemeqf .\ % - h e tor r=2, 3, 4, and 5. The potential

with thﬁ evaporatlorj valuzs, around 0":] eV,hby Mettal. nergies for fission (£ emission approach zero aR approaches
[29]. These comparisons demonstrate that the present tec finity. The calculations are started at minimum values slightly

nique is applicable for large and small values of the kinetiqalrger thanae_+ac . Note the differences in energy and distance
energy releases. The present I&gr value, 2.0:0.2, de-  ¢.1as in the four fizgures!
rived from the measured g = width, as compared to those

obtained for asymmetric fisson suggests that oyf Cions  =7.2a, was obtained independently by fitting the expression
ongmate4 predominantly from evaporation of a neutrgl C for the ionization of a metal spher0,34), 1,(Cgo) =W
from Cg,' " and not from the fission of &°* . This is quali- +(r—1/2)/ac,, to experimental ionization potentials for

tatively in good agreement with the results of I\/!are"nal. Ceo [30]. The radiusac. =2.4a,, of the G fragment is de-
[32] and Chenet al. [33], who measured dominance of a2 .
. e . duced froml,(C,)=W+ 1/(2ac.) and the accepted experi-
evaporation over fission for the decay ogoﬁf produced in 2 _ :
mentall ; value of 11.4-0.4 eV[35]. In Fig. 5, the potential

collisions, stabilizing two electrons on &r and Xé* pro- : - 2 T o
jectiles. In Table | we summarize the present kinetic energy?N€gies are set to zero for asymmetric fission at infinite
release measurements for asymmetric fissiq. (1)]. The center-center distancd® The energy separations between

error bars, ranging front 0.4 to 1.1 eV, are dominated by N€Se potential curves and the corresponding onenfeu-

statistical uncertainties in the measured widths of the detedf@) Cz émission aR=c are taken to bé,(Csg) —11(Cy),

tor images, while the intrinsic instrumentBkeg resolution  Wherel:(Cse) =W+ (r—1/2)/ac,,. This sequence of ioniza-
is about+0.1 eV (cf. above. tion potentials for Gg are close to those calculated by Martin
et al.[11] and Seifert, Vietze, and Schmif26].
From the upper left Fig. 5 it is obvious that it is energeti-
IV. DISCUSSIONS cally more favorable to emit a neutral than a chargeaiqit
within the present sphere-sphere interaction model for
C602*. For r=3, the two potential energy curves cross

For the purpose of discussions of the kinetic energy rearoundR= 14.5,, which is outside the critical distance for
lease measurements, we use a simple model in which wglectron transfer &R,=12.7a,. This means that although the
treat the two separating fragments as conducting spheregotential energies of the sphere-sphere system are the same
This model was first developed by Ner et al. [5] in 1997  for asymmetric fission and evaporation at &4,5the poten-
and in 2002 Zettergreet al.[30] presented a partly extended tial barrier, which the electron experiences as it attempts to
version, taking the effect of electron transfer during fragmenmove from the lighter to the heavier sphere, is higher than its
tation into account. The latter effect is the basis of the ACTiotal energy. Under these circumstances, the ACT process
process in which it is assumed that the fragmentation startgould require tunneling through a thick barrier and is prob-
out as a separation in a charged heavyg(@nd light (G)  ably not very efficient. The experimental results indeed
neutral fragment, which at some fairly large critical distanceclearly shows that neutral ,Cemission is dominant for
loses an electron to the charged fragm&g,24. Ceo .

In Fig. 5, we show calculated potential energy curves for “The |ower left and lower right parts of Fig. 5 show that
the Gy "—Cs' V" +C," and the Gy *—Csy "+C, the fission potential energy curves lie below those for evapo-
fragmentation processes for=2, r=3, r=4, andr=5,  ration for allR and thus there is no crossing, and diregt C
using the method described by Zettergedral. [30]. Here,  emission should become dominant for4 andr=5. The
we have assumed that the radius of the heavy fragment isgme is true for >5, as can be seen in Fig. 6. Thus, from
given byac_=ac (1-2m/60)*=7.1a,, i.e., that Gg and pure model considerations we would conclude that the ACT
Ceo have the same surface densities. Thg @dius ac,,  Process—most likely—is inactive for all The curve cross-

A. Kinetic energy releases and the autocharge-transfer process
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207 B Critical over-the-barrier distance R, = %\ 307 —e— Prese‘nt expt. data for Xe "
? O Top of fission barrier position a " :: 25 —:: gcheler etlal :
S @ Curv i iti L] — enn et al.
S 167 EROMIng posan u § 50 V¥ Chen etal.
% . n © Tomita et al.
8 . " . Qi 5 Sphere-sphere T 3
3 12- 8 %0 model _ i/
g ° 0 .0.0-0-0-0-0-0-0 g 10 /Q;Q/i/
Y 2 s
g 81 L) é 3 !/:/ Co™ = Cyg™ D+ Gy

T T T T T T T T T T ] Q 0 i . . . . . . . . X
1 2 3 4 5 6 7 8 9 10 11 12 5 3 4 5 6 7 8 0 10 11 12

Initial charge of fragmenting Cep, r Initial charge of fragmenting C, , r
FIG. 6. The critical distanceR; for over-the-barrier electron FIG. 7. ExperimentalScheier, Duser, and Mek [23], Senn
tran_i,_fer fr_orFr; theatcz sph?re gstfuncgor:rs; m‘(ﬂ”?d sq:?hre}s thg | Mark, and Scheief25], Chenet al. [27], Tomita et al. [28]) and
Eos('r',olr)]flnc (fe” ter-(t':.erlw zer IS arl):l ; edmtf;l]mma (')t' Z_ mg € calculated kinetic energy releases for the fission process where a
58 2 _potentials(open circle and the positiongin R) Ceo " ion emits a single € ion. The present sphere-sphere model

of the cros+smgs. bgtween the model potentlal§ for neut§a§tﬁd results are due to the interactions between two polarizable spheres
charged G" emission. Note that such a crossings only exists for?f finite radii

r=3 and that the fission barrier height thus is expected to contro

the decay rate for=4. ranging between 3 and 15 €@87]. Recently, however, To-

qmita et al. [1] presented results for dissociation from,C
using an electrostatic ion storage ring, and by taking the

ifference between the first ionization potentials feg &nd

sg iNto account they arrived & ,(Cgp) =10.30.1 eV[1].

his is consistent with the results by Mait al. [37] who

The present sphere-sphere mofigkr values, taken as reevaluated a rather large set of earlier data.

the maxima of the calculated potential energy curves for the The relations between t_heZCdlssouatlon energies for
. i (r—1)+ 4 L neutral and chargedggare linked by the relations between
fission process £ — Csg +C,", are shown in Fig. 7

together with various experimental results. In the model it isthe lonization potentials for & and CGsg through

ing positions, however, depend strongly on the assumed v
ues of the Gg ionization potentials, especially in the6(¢+
case, where shifts well below 1 eV may provide a crossing a
a suitable distance inside the critical distance for electronl_
transfer atR.=13.2a,,.

assumed that fission products are in their electronic and vi- r
bratl_onal_ grou_nd states. 'I+'h_|s is not the casein the experimen- El=E.(Ceo) + > [1(Cs) — 1 (Ceo) - )
tal situation, since the & * ions are excited before fragmen- k=1

tation, partly due to the heating in the oven, and partly due to

the collision process. This and the fragmentation process itJnfortunately, there are only a limited amount of experimen-
self most likely result in a final vibrationally excited state, tal data available for ionization potentials and dissociation
yielding a smaller difference in relation to the maximum of energies. The £dissociation energies forgg " have been
the potential energy barrier, and thereby smdilgeg values, measured for =0—3 [1,37,39 and for Gg and G there

as indicated in Fig. 8.

'y Cs+C,
B. Fission barriers and Gy, stability limits

As shown schematically in Fig. 8, the kinetic energy re- 2| gr
leasesExeg in asymmetric fission relates to the fission bar- = a I (Cse) -1(Cy
riers By, through Coo
60
E
Bfis=Exert Eat11(C2) —1,(Csg), 5 exe
. Ce D+ C+
or alternatively 8 - 2

ro_ r—1 _
Biis=ExerTEa ~111(C2) —11(Coo), (6) FIG. 8. A schematic of the relation between the fission barrier

+ ieci r+ i mioati :
under the assumption that the fragmentation products are ifor C, _emission from G ,Byg therth ionization potential for

. L . 858,IF(C58), the ionization potential for £1,(C,), the kinetic en-
their ground statesHe,=0). The activation energies for ergy releasé& «gx for fission products in their ground states, and the

neutral G emission(evaporationfrom Cgol" V" and G * activation energy for €emission from G, *,E',. Noting that the

are denoted b}, " andEj, respectively. The exact value two double arrows represent the same energy we arrive at the ex-
of the G activation energy for neutralgghas been the sub- pressionBj,=Exgg+EL+11(C,) —1,(Csg). Eexc denotes the pos-
ject of a rather long debate with reported experimental valuesible vibrational excitation after fragmentatidef. tex.
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FIG. 9. Semiempiricalbased on the preseligr values and

Scheier, Duser, and Mgk [23], Senn, Mak, and Scheief25],

Chenet al. [27], and Tomitaet al.[28]) and model fission barriers and Gg "—Csg "+C, fragmentation
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The semiempirical fission barrier results, however, point
at a much lower limit off =11. Here, we should remember
that the semiempirical results should be regarded as lower
limits for the fission barriers, as vibrational excitations of the
fragments after the decay are neglected. The most highly
charged intact g molecule, which has been observed ex-
perimentally is G4, produced by multiphoton absorption
[19]. Theoretical predictions are indicated by arrows in Fig.
9 [20-22. The theoretical results by Basteg al. [21] and
Seifert, Gutierrez, and Schmid®2] fall within the range
indicated by the present work.

V. CONCLUSION

In the present work, we have presented a technique to
measure kinetic energy releases igyC—Cg' V7 +C,"

processes. We

for the Gy " —Cysa' V' +C," process. The curves show: a fit to achieved a resolution of 3 meV in the measurements of the
experimental data and the present sphere-sphere model results. Einal Csg kinetic energies, using a collimated effusivg, et

ror bars are only shown for the present experimental results. Thpointing along the axis of a linear time-of-flight spectrometer

line at 10 eV shows the assumed activation energy for neutral Cterminated by a two-dimensional position sensitive detector.
emission. Theoretical predictions of the stability limit are indicatedExperimental results on the fission Q(Cemissior) and

by arrows

=13; Bastuget al.[21] andr =16; Seifert, Gutierrez, and Schmidt

¢(=10; Cioslowski, Patchkovskii, and ThigR0], r

[22]). The thick arrow shows the highest observeg €harge state

r=12[19].

are only measurements for the fif88] and for the first four
[40] ionization potentials, respectively.

Sequences of ionization potentials have been calculateithe fragmentations as electrostatic interactions between two
for both Ggand G, but never for sufficiently large within
the same theoretical framework. To our knowledge, the mogtuced from the present experimental and model results, in-
advanced calculations up to now are those by Bastug.
[21] and Yannoulas and Landmgdl] for Csy © with r
=1-8 andr=1-12, respectively, and those by Marf4#2]

for Cgo

et al. [11]

r+

and Gg * with r=0, 1, and 2. Further, Martin
have recently calculatedsgionization potentials

using theGAuUssIAN code[11]. The calculation§42] yield
dissociation energieg’,, which are about 12.5 eV, 11.8 eV, are independent processes governed by the fission barrier and
and 11.3 eV for =0, 1, and 2, respectively. This is the trend the activation energy for neutrab@mission. High-level cal-
expected from the formula above ag,@robably has higher
ionization potentials than 4 due to its higher symmetry. and charge dependent @ctivation energies are obviously
Here, we will, however, due to lack of sufficient experimen- urgently needed for better understanding of fullerene frag-
tal or theoretical data, follow earlier conventions and makementation and stability.

the assumption that the,€lissociation energy is indepen-

dent ofr and set it toE,=10 eV.

In Fig. 9, we show semiempirical and model fission bar-

riers for C,* emission from G * as functions of, as cal-
culated with Eq(5). For the former results we have used the Autonoma de Madrid, and Professor Burkhard Fricke, Uni-
present measurements of kinetic energy releases and thosesrsity of Kassel, are gratefully acknowledged. We are also
Scheier, Duser, and Mgk [23], Senn, Mak, and Scheier
[25], Chenet al.[27], and Tomitaet al.[28], and the ioniza-
tion potentials of G and Gg as calculated by Martiet al.
[11]. The model fission barriers are obtained by using theéhe Swedish Research Council through Contract Nos. F650-
very same values oE,, 1,(C,), andl,(Csg) and the full
sphere-sphere interaction modglelding exact expressions part of the Low Energy lon Beam FacilitiésEIF) European
for the mutual polarizations of two spheres of finite radii network HPRI-CT-1999-40012. This work was also sup-
[30]). This gives an upper stability limit of=18 (see Fig.

9).

evaporation (G-emission processes are in good agreement
with earlier results, using quite different experimental tech-
nigues. Considering théunknown vibrational energies of

the C‘Sg(r_l“ fragments, our measured kinetic energy re-
leases appear as reasonable lower bounds to the predictions
of a simple model, neglecting such excitations and treating

conducting spheres of finite radii. Fission barriers are de-

dicating lower and upper bounds for the stability limit of
charged G, © of r=11 andr=18, bracketing theoretical
predictions by Bastugt al.[21] and Seifert, Gutierrez, and
Schmidt[22]. We further conclude that ACT process most
likely is inactive in asymmetric fission of g * . Instead it
appears that evaporation and asymmetric fission, in general,

culations of ionization-potential sequendés Csg and G)
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