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Production and asymmetric fragmentation of multicharged fullerene ions in X&*+Cg, collisions
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The stability of multicharged &* (3=<q=<®6) fullerene ions, produced by slow £ 0.2 a.u) Xe® -ion
impact, has been studied using coincidence measurements between outgoing projectiles, recoil ion fragments,
and ejected electrons. Evidence was found for sequential evaporatiog,bf, @r competition between
evaporation and fission of‘é@, and for dominant asymmetric fission of£" into triply and quadruply charged
even-numbered fullerene and low-mass singly charged and neutral carbon c[&1660-294708)00606-4

PACS numbg(s): 34.70:+e, 36.40.-c, 82.30.Fi

Properties of multicharged clusters have received muclhions where stable clusters are limited to lower charge states.
attention in recent yeargl]. For a given charge state, the  In this paper we report studies ofg@" produced in
stability depends on the cluster size. For a given size, th&e®" +Cgy—Xel® 9%+ Co8* +(q—s)e™ single collisions
critical charge is reached when the repulsive Coulomb enat 128 keV by electron capture processes. To get maximum
ergy amounts to the total binding energy. It defines the limitintensities of Gyo* aroundq=3-5, only collision events
of the observability of kinetically stable charged clusters,with the stabilization of two electrons to the projectiles (
above which clusters will decay spontaneously in an explo=2) have been investigatedg" , referred to as a “parent
sion that presents similarities to the Coulomb instability ofion,” can dissociate into charged and neutral fragments. By
nuclei[2,3]. The observation of highly charged clusters andcoincident measurements of scattered projectil&"Xeecoil
molecules is not uncommon. Among them, fullerene ions aréon fragments, and autoionized electrons, we have studied
particularly stable. The critical charge of has been found the unimolecular dissociation mechanisms of’C (q
to be aboutg=16 in quantum molecular-dynamics calcula- =3-5). An evolution of the competition between evapora-
tions [4]. Such a high value has not been experimentallytion and fission channels is presented as a function of the
confirmed yet. However, the observation ofyC with q up  parent ion Gy* charge state.

to 7 and 9, under electrdrb] and ion[6,7] impact, respec- Xe®" projectile ions from the electron cyclotron reso-
tively, has shown the high stability ofsgagainst a Coulomb nance(ECR) ion source of acdérateur d’ions multicharge
explosion. (AIM) facility at Grenoble were accelerated to 128 keV, col-

A number of recent studies have shown that the dissocidimated to a beam of a few nanoamperes, 1 mm or less in
tion dynamics of multiply charged clusters is controlled bydiameter, and then intercepted perpendicularly by a thermal
excess energy in the precursor cluster and, for small systemfsillerene molecular beam. Powder containing 99.9%dnd
by the detailed initial geometric configuration. The cluster0.1% G was evaporated in an oven at 520 °C and the vapor
charge and size dependence of fragmentation channels hass introduced in the interaction region through a 1-mm-
been analyzed mainly in photoexcitation experim¢8isand  diam orifice. The pressure in the reaction chamber was about
the classical charged droplet mod8] often has been used 5x10 ® mbar during operation. The outgoing projectiles
to explain the competition between the evaporation of neuwere charge selected by a cylindrical electrostatic analyzer
tral small fragments and Coulomb fission into charged prod{R=150 mn) and detected by a channeltron electron multi-
ucts. plier. Recoil ions and ejected electrons were extracted from

Fragmentation of gy has been studied in photofragmen- the interaction region by a transverse homogeneous electric
tation experiments by O’Briept al.[10]. Many findings on  field of 600 V/cm. The mass and charge state gf’C ions
singly and multiply charged fullerene fragmentation haveand G.,°* fragments were determined by a time of flight
been established in crossed electrgyg por beam experi- (TOF) spectrometefl =120 mn). The use of several meshes
ments[11]. Evaporation and asymmetrical fission have bee{=90% transmission eaghalong the TOF tube limits the
observed for fullerene ions up ta;&" [5]. Measured kinetic  recoil ion collection ratio to about 30%. Collected recoil ions
energies of G" fission products of 7" (3<q=<6) have were postaccelerated to 7 kV in front of a multichannel plate
been explained by a double step reaction composed qMCP) detector in order to increase the detector efficiency
evaporation of € and charge transfer from the heavy for monocharged fullerenes and fragments. On the other
fullerene ion onto the neutral fragmefrit2]. A more recent side, the extracted electrons were accelerated towards a
approach to the study of fullerene ionization and fragmentasemiconductor detectdpassivated implanted planar silicon
tion consists in analyzing products of collisions between acdetector,S=150 mnf) biased at 20 kV. An intermediate
celerated " beams and gas targdts3] or between mul-  electrode, set at 2 kV, has been used to collect all electrons
ticharged ion beams and fullerene targesl4,19. In such  ejected inside the interaction region with energies less than
collisions, highly charged &% ions can be observed be- the Xé* potential energy of 106 eV that limits the energy of
cause the energy released in the charged fullerene could laeitoionized electrons. The amplitude of the electron signal is
much lower than in the photo- and electron-induced ionizaa measure of the number of emitted electrons. It was ampli-
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FIG. 1. TOF spectrum of recoil ions from Xe on Gy, colli- . L .
sions when projectile ions have stabilized two electrons. Evaporagl)zge_?h(;nsths:; :),('_Scarﬂ E:r? dTaC:,F_gf rseic;)élslol?sréssp(la(z:ttt.e(ilonf:};?n
tion and/or asymmetrical fission ofg&", Ces'", and Gg>" pro- ) P 60 60 ult, respectivety,

duce neighboring G %" and Gg o peaks. G" to Cy,* peaks the spots 2 -Cg*" and 327 -Cgy> " due to the electron backscatter-
o048 ATROY ' ! ing effect.
result from “multifragmentation” into several small fragments.

fied, delayed, and sent to a grounded analog to digital cortor signal along the verticat axis and the time of flight of
verter (ADC) through a fiber optics transmission system forrelated recoil ions along the horizontédlaxis. From partial
pulse height analysis. The probability for electrons to release projections of this spectrum, we can select recoil ion TOF
the totality of their 20 keV energy inside the detector is equabpectra in coincidence with the detection of one, two, and
to 83%. The missing 17% is attributed to backscattered eledhree electrons. After correction for electron backscattering
trons that release only a paetbout 12 keV of their energy  effects[18], we have obtained the three TOF spe¢fas.
inside the detector. Triple coincidence measurements werg(a), 3(b), and 3c)] associated with &%, Cs*', and Goo*
performed as follows. A channeltron signal due to @’Xe parent ions, respectively. The intensities of fragments and
scattered ion was suitably delay¢8 us). It was used as Cgo>', Csg'', and Gy ions are listed in Table I. The rela-
trigger for delayed electron pulse height ADC conversiontive intensities of G°", Ces'", and Go°* in Table | were
and gave a common stop signal to a multihit time to digitalfound to be in good agreement with those in Fig. 1, showing
converter for which recoil ion fragment signals provided that the efficiency of the optics guiding the ejected electrons

start pulses. to the detector is sufficient in this experiment.
In Fig. 1 we present a simple recoil ion TOF spectrum in
coincidence with the detection of Xeions. The strong in- TABLE I. Size and charge distribution of evaporation and

tensity of Go'" (2<q=6) peaks shows the stability of asymmetric fission fragments of multiply chargegh Clusters.
multicharged clusters produced in such collisions. They are
attributed, similarly to ion-atom collisions, to stabilized Parent multiply charged clusters
double capture, triple capture followed by autoionization of

one electron, doubly autoionizing quadruple capture, and sbragments Coo’ Coo'* Coo’
on [16,17. The heavy, multicharged & ,,"" (2<p C2* 52 60
<5, 1=n=<5) ion peaks are more interesting. They result 50 90
from the dissociation of different multiply ionized g& 48 70
fullerenes that have obtained enough internal energy during
the collisions. Their low intensities relative to thg/C ions ¢ 3+ 60 7900
suggest that only a small part ofg@" prepared in such 58 1450 110
collisions is dissociated in the time of flight of the extraction 56 1100 470 50
region. However, from this spectrum, we cannot identify pre- 54 590 670 160
cisely the parent ion for each fragment. For example, it may 52 270 740 150
be asked whether the,£" peaks were issued from the neu- 50 130 370 160
tral fragment evaporation of & or from the asymmetric 48 240 80
fission of Gg*". C 4+ 60 11000

This question has been resolved by analyzing the number" 58 1000 210
of electrons autoionized in each collision event. By the 56 470 400
charge conservation, the initial charge of;@& deduced by 54 140
the number of autoionized electrons plus the two electrons
stabilized to the projectile. In Fig. 2 we present a two-C,°* 60 1800
dimensional(2D) scatter, electron-recoil ion TOF spectrum 58 50

registered by plotting the pulse height of the electron detec
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The analysis of a fission process, in which at least two
T charged fragments are issued from a parent ion, could be
completed by studying the correlation between these frag-

200

ch ments. In Fig. 4 we present a 2D spectrum where the hori-
100 v zontal axis represents the time of flight of the last detected
J\rH\ (heaviesk fragment and the vertical axis gives the time of

flight of other fragments associated with the same collision
event. This spectrum, taken without selecting the number of
35 3 25 ;
TIME OF FLIGHT(uS) electrons, shows the correlat!olns betvyeen heavy- and low-
mass charged fragments arising mainly frongs’C and
FIG. 3. Recoil ion TOF spectra in coincidence with the detec-Cq>* parent ions. The intensesg*-C," spot, located on
tion of (a) one, (b) two, and(c) three electrons obtained by partél  the right-hand side of Fig. 4, is attributed to the fission chan-
projections of the 2D spectrur(Fig. 2) after correction for the g Cso>—Csg™ +C, . It corresponds to the strongsg"
electron backscattering effeds) For %§3+ parent ions, evapora- neal of Fig. 8c). The long oblique tail that prolongs the spot
tion is the dominant procesth) For Ggo'", there is a competition towards shorter flight times of g and longer flight times
between evaporation and fission processges.For Co>*, asym- 4 . - .
P . of C,* is due to delayed dissociation of&" ions all along
metrical fission is dominant. - . . .
their path between the extraction plates. The flight time of
The intense 62>t (n=1-5) peaks of Fig. @) were  the Gg'* produced by delayed fission ofs" is shorter
unambiguously producegi+by the evaporation gfcllisters,  than the nominal flight time of the primarys§" ions and
whereas the weak dg,"" (n=4-6) ones were clearly the associated £ fragments are slower than the primary
due to asymmetric fission of theglC parent ions. It is not ¢ * The slope of the tail is well reproduced by calculations
surprising to find that the evaporation is the prevailing decay,,, mass and charge ratios and the intensity variation along
channel, as it is predictable by applying the classical drople{he tail gives an estimated decay time of the order of 100 ns.

model [9] to Cso>", which presents a high fission barrier. - . : .

From the _rneasuredg,glm3+ intensity distribution, we de- ésﬂ'('f‘ Zeggl(?nétﬁr_lg Epl;e_:,)tts g;]i\f\? I![i;[f goégrlegoiio:eThe
duced an internal energy of 65 eV for the G5** parent 56 "4 T 56 T2 5+p. . ;
ion by using the model of unimolecular reactidid®]. The produced by fission of £°* via two different channels giv-

TOF ‘spectrum with parent ionsg" [Fig. 3(b)] presents ing rise either to " or to G* and G. The weakness of the
two groups of peaks with comparable intensities*C (m  Cs4**-C," spot and the absence of the,£-Cs" spot indi-
=58,56) results from evaporation of,Clusters, whereas cate that the weak£'* peak of Fig. &) corresponds to the
C3" (Mm=58-48) results from asymmetric Coulomb fis- evaporation of a €dimer by G¢°" followed by the fission
sion. So fission channels become as important as evaporatiofi Csg®* into Cs,** and G

channels in this case. In collisions giving parent ions The spots appearing on the left-hand side of the correla-
[Fig. 3(c)], the essential reaction route is the asymmetric fistion spectrum associateg§ ,,>* fullerene ions with low-
sion to G,** (m=58,56,54) and low-mass singly charged mass singly charged fragments. They largely arise from the
ions. The G2+ (m=56—-48) series can be explained as re-fission of Gg*". The weak Gg3*-C," spot reflects the small
sulting from asymmetric fissions with emission of two singly Csg>* peak of Fig. b). The intense ¢>"-C,* spot repre-
charged small fragments. sents an important fission channel of€ leading to the




57 PRODUCTION AND ASYMMETRIC FRAGMENTATION O . .. 4521

strong Gg&* peak in Fig. 8b). However, the observation of there is a competition between evaporation and asymmetric
Cs2t-C* (not shown in the figure Csgo™-C,", and fission showing the existence of a critical charge state for
Css>"-C5' spots demonstrates that other dissociation chanCe ™ in the decay processes. Several asymmetric fission
nels producing more than two low-mass fragments, neutrathannels have been observed for a selected parentggdh C
as well as ionized ones, are also associated with " C or Cg,>". The recoil ion correlation spectrum gives informa-
peak. Similarly, numerous spots corresponding to correlation on fission fragments and lifetimes of different decay
tions between €*" and several low-mass fragments channels. Similar results have been obtained by Scheiir
Cn" (m=2-5) show that the §** peak in Fig. 80) is  [12] on the strong charge dependence of the branching ratio
assigned to several dissociation channels producing momgr evaporation and fission channels. However, they studied
than two low-mass fragments including small neutral clusthe decays of metastablseveral microseconds to several
ters, but not to the simplest fission way,& +Cq". 105 5) Cgo?* states produced by electron impact. We
In conclus+iqn, we have investigated the fragm-entation Ot:]uantitatively studied faster decay procesged00 ng of
charged G’ ions (@=3-5) produced by a collision be- 1,46 excited @, ions produced by highly charged ion im-
tween a highly charged ion beam and & @olecular jet by Eact. The similarity of results obtained in both experiments

usi_ng triplg-pgrticle coincidence measurements between ou ows that the competition between evaporation and fission

going projectile charge states, electrons, gnd mass analyz%aes not depend too much on the initial internal energy of

target fragments. In the case of a large impact paramete&
60"

highly charged g" ions have been observed. The decay

channels of g™ are very different, depending on the initial  Discussions with M. Broyer, Ph. Dugourd, J. Lernaad
parent ion charge states&" decays dominantly by evapo- M. Pellarin are gratefully acknowledged. The authors would
ration of small even-numbered neutral clusters. Its initial enalso like to acknowledge A. Brenac at CEA-Grenoble for
ergy is estimated as about 60 eV;,C decays by asymmet- supplying ion beams used in these experiments. LASIM is
ric fission with production of a charged fullerene and low- Unite de Recherche de I'Universitie Lyon et du CNRS No.
mass neutral and charged carbon fragments. Fgg'GC  5579.
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