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We have studied nondissociative and dissociative electron capturegdfys T in collisions with
various gas targets. It is argued that this endoergic capture process can be interpreted within a curve-
crossing model of the Landau-Zener type. Cross sections as largé #scn? are measured for
electron capture by 50 keV¢gF;5s~ in collisions with Xe. [S0031-9007(98)06313-3]

PACS numbers: 36.40.—c, 34.70.+e, 61.46.+w, 82.30.Fi

Charge transfer or electron capture in collisions betweeim conventional low-energy collisions, capture takes place
energetic ions and atoms constitute an important brancbnly when the process is exoergic [12]. This observation
of reactions in atomic physics. During the collision, thecan most easily be “envisaged” by considering the capture
electron clouds around the interacting particles are brouglgrocess as a transition between potential energy curves
into “oscillations” and as a result one or more electrongpertaining to initial and final states [13]. When a multi-
may change their affiliations. The probability that anply charged ion captures an electron from a neutral atom,
electron ends up in an eigenstate on the counterpart iboth ions are positive in the exit state, but in the present
the collision has to be estimated taking into consideratiorrase the ions have opposite charge and, hence, a curve-
the exchange of translational energy to internal energyrossing model applies for an endoergic charge transfer
or coupling to the radiation field. Charge transfer orprocess. Similar arguments have been used in order to
electron capture in atomic collisions plays a decisive roleexplain double capture by singly charged cations in colli-
in astrophysics, controlled thermonuclear fusion researctsions with neutral atoms [14].
and in accelerator-trap or storage-ring based physics [1,2]. The GoFss sample was prepared in a reaction gf C

Recently, the group of interacting particles has beerf99.9%) with elemental fluorine at 318, as described
broadened considerably, and charge transfer in clustein Ref. [7]. The purity and molecular composition were
cluster collisions [3,4] and in interactions involving large controlled by the elemental chemical analysigof&s=1),
polypeptides and proteins [5] have been reported. Fluomass spectrometry, and high-pressure liquid chromatogra-
rinated fullerenes are now routinely produced, and somehy. The!°F NMR spectrum on this sample was iden-
have been isolated and characterized [6,7}oF¢z can be tical to the one published previously [6,7] indicating that
brought into the gas phase by thermal desorption. Anionthe compound represents a single structural isomer (two
with a conserved molecular structuresE;s~, may then chiral forms of B symmetry).
be formed either as a result of surface thermal ionization The experimental arrangement used for these investi-
[8] or by capture of thermal electrons. Under more vio-gations has been described elsewhere [3]. In the present
lent conditions, e.g., laser desorption [9] or the techniquexperiment, Fss powder was heated t6200 °C in an
used in the present work (see below), the anion formatiolmven attached to our conventional ion source [15]. The
from CyoF4s is dissociative, and odd-numberedyE, ™ filament temperature was only 1500, and the dominat-
ions are found to be the most abundant. Sequential athg anion formation process is believed to be a disso-
tachment of two low-energy electrons resulting in doublyciative surface attachment on the hot tungsten filament.
charged GF4s anions has been observed, and the firsiThe anions were extracted from the ion source and elec-
and second electron affinities were calculated to be 5.0ffostatically accelerated to an energy of 50 keV. The
and 2.27 eV, respectively [10]. Here we address electroenergetic cluster ions were magnetically mass selected
capture in collisions between 50 ke\(fE35~ and atomic  before entering the 3 cm long target cell. After exit-
and molecular gases. This particular projectile ion wasng the target, the nonreacted primary ions and all frag-
chosen because it was the heaviest relative abundant flusent anions were electrostatically deflected into a single
rinated fullerene anion produced in our ion source. Sincgarticle counter (channeltron) by a I8@emispherical
the active electron is bound with 10 eV or more in the tar-analyzer. Mass spectra were obtained by sweeping the
get atom or molecule and only with2 eV in the product analyzer voltage, since all ions have approximately the
dianion, the charge transfer process is strongly endoergisame velocity at these high collision energies. Figure 1
and translational energy has to be converted into intershows a so-called magnet scan obtained for zero target
nal energy. In the case of dissociative electron capturgressure and for a fixed analyzer voltage (primary ions),
even more translational energy-4 eV per lost fluorine but for a varying magnetic field. The peak heights in
atom) [8,11] has to be converted. It should be noted thathis spectrum reflect the relative intensities of cluster ions
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70000 obtained when the &F;5~ is passed through a Xe target.
60000 - CarFor x 100 The dominating peaks, apart from the peak corresponding
to the primary beam, correspond to the loss of an even

50000 - .
number of fluorine atoms, but two peaks at around half

g 400007 o F- of the deflection voltage, necessary to deflect the primary
3 30000 60" 47 beam, are assigned toF34~~ and GoFss~ ~ resulting
© 20000 - \l/ from electron capture in the Xe target gas. From similar
10000 4 spectra at various target pressures for the gases NO, O
| Xe, CHy, H,, Ar, and He, cross sections for nondissocia-
0 tive capture,
1000 1100 1200 1300 1400 1500 1600 1700 CeoFss  + X — CeoFss  + X" — AE, (1)

mass / q (amu) and dissociative capture,

FIG. 1. Magnet scan showing relative intensity of ions ex- CgF3s  + X — CeoF3s™~ + X" + F— AE, (2

tracted from the ion source. . . . .
were obtained. AE is the energy defect in the reaction.
The cross sections obtained are listed in Table I, and
produced in the ion source. The most intense beamisoth the relative and absolute sizes are found to depend
are the odd-numbered fluorine ions with between 25 andtrongly on the nature of the target gas.
35 fluorine atoms attached to theyCcage, whereas the ~ We consider the capture reaction (1) in terms of
ions with higher fluorine content up to«Fs;~ have two quasimolecules[CyqoF3s~X] and [CgoF3s~ X ']
much lower intensities. For comparison, in the electrorThe long range potential energy function of the former
impact mass spectrum of the same sample obtained undguasimolecule may be assumed to be independent of the
equilibrium conditions (Knudsen Cell Mass Spectrome-intermolecular separation (distance betweeX and the
try), CeoFss ™ comprised about 90% of the total intensity center of GyF3s). In the exit channel, the potential energy
[16]. This indicates that more vehement ionization con<function contains three terms: first the Coulomb attraction
ditions were used in the present work. It is also remarkbetween the two ions, then an attraction due to the large
able that a sharp cutoff in the intensity is seen after thgolarizability o [10] of the GoFss~~ ions, and third, the
CeoF36~ peak. This confirms earlier theoretical predic- endoergicity termAE. The form as a function of the
tions [17,18] and experimental observations [19,20] onintermolecular separationis given approximately by
the particular stability of the fullerene with 36 addends 2 PE
for both hydrogenated and fluorinated derivatives. For Vir)=—— - >35>
the latter, it is not only the high symmetrical structure ro 2r2(r? - a?)
that indicates its enhanced stability but also the strengtiyhereq ~ 5 A is the radius of the assumed conducting
of the C-F bond. GFss~ was chosen for our further ex- spherical ksCs,~~ molecule. The two potential energy
periments on the collisions with various gas targets. Figfunctions forAE = 10 eV are shown in Fig. 3. It should
ure 2 shows a “fragmentation” spectrum (negative ionshe noted that the curve crossings take place just outside
the cluster surface when the cluster is approximated by a
conducting sphere.

+ AE, 3)

1000 ] The electron capture process can be considered in terms

125 - CooFas —= of two adiabatic curves (dotted lines), which undergo a

g0y | CooFas” pseudocrossing at an internuclear separation araynd

The standard Landau-Zener approximation can, in prin-

g 0] "1 ciple, be used to determine the reaction transition probabil-
3 01 ities [13] and, hence, the cross section for the process. We
© 400 2 1 CooFas are aware that the curve-crossing description of capture in
P : / ‘ this context, especially in the case of dissociative electron

200 - / 670 680 690 700 capture, is rather defective, but despite this the model indi-

Mm UU cates the type of interaction which results in formation of

0 ]L - doubly charged negative ions.

600 800 1000 1200 1400 Unlike the case in electron capture by multiply charged
mass / q (amu) positive atomic ions, the dominating reaction channels

FIG. 2. Mass divided by chargen/q) spectrum for negative :n the prfeser?t case b:ll_rﬁ. Iez?[dltng to tfragmenta:t[lodn bOf ttl‘r:e

“fragments” resulting from collisions betweenEs;s~ and Xe.  'argé molecuiar ion. IS statement IS supported by the

The heavy fragment peaks reflect loss of F», FC,, Fi, etc.  SPectrum shown in Fig. 2, where fragmentation is seen to
The inset displays the dianion region. be the dominating process. It should also be added that
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TABLE I. Capture cross sections (nondissociative and dissociative) for collisions betwge Cand the listed target gases
along with the target gas ionization potentiéls

lonization potential Nondissociative Dissociative

Target gas I; (eV) capture cross sectiofenr) capture cross sectiofcn?)
H, 15.4 7.1 X 10718 2.4 x 10717

He 24.6 <107'3 <10™'3

CH, 13.0 22 x 1077 1.4 X 10716

NO 9.3 4.1 x 1077 7.1 x 107"

0)) 12.1 1.2 X 107" 8.3 x 107V

Ar 15.8 8.1 X 10718 1.8 X 10717

Xe 12.1 3.1 x 107V 1.2 X 10716

neutral and positive fragments are much more abundartiso for the dissociative capture process, and not to add
than negative ones, implying that fragmentation is reallythe dissociation energy. Furthermore, the problem about
the dominating process in the collisions discussed herehe relative importance of one- and two-step processes
Hence, electron capture occurs only for a very narrowin dissociative electron capture has to await further
range of impact parameters, ranging from near the cag@vestigation.

radius and out the curve crossing distarie® A). This Aspects of the cross section behavior illustrated in
explains why the measured cross sections amount to onlyig. 4 could be introduced as follows: For initially
1% of the geometrical cross section. very strongly bound electrons (He), the impact parameter

The simplest way of displaying the measured capturelistance where electron capture could take place would
cross section values listed in Table | is to plot them as dead to severe destruction of the fullerene cage and, hence,
function of the target ionization potential or alternatively a small probability for electron capture. On the other
as a function of the electronic endoergicity of the processhand, very loosely bound target electrons, which can be
In Fig. 4, the cross section for the processes (1) and (Xonsidered quasifree, would have too little kinetic energy
are both plotted as a function of the endoergicity whichto pass the Coulomb barrier around the projectile anion—
is found as the difference in potential energy of theagain resulting in small electron capture cross sections.
active electron before and after the transfer takes placé&lectron capture will therefore most likely take place for
i.e., AE = I; — 2 eV, wherel; is the target ionization moderately bound electrons.
potential. The cross section for nondissociative capture We assume that the temperature of the projectile
decreases monotonically with increasing endoergicityCeoF35~ is low compared to that of &g~ (~2000 K) ex-
whereas the cross section for dissociative capture attairigacted from the same ion source [21]. This assumption is
a maximum value forAE around 10 eV. How to built on experimental findings by Steger al. [22] albeit
exactly model the differences between dissociative anéor neutral fluorinated fullerenes. Steget al. showed
nondissociative electron capture processes is not clear #tat hot fluorinated fullerenes have a larger proclivity
present. We have therefore chosen to plot the captur®r fragmentation than normal fullerenes. We therefore
cross section as a function of the electronic endoergicityargue that the projectile ions exiting the ion source, due

to evaporative cooling, possess only a small amount of

CooFss Xet —=

Re > 18 |
: AE D
2 16 1 —
| <—— CgFys Xe J/ wi 14 . andlsgo_matwe
T - , 8 o  Dissociative
0 10 15 S 12 A
rd Q@ 10 1

FIG. 3. Potential energy curves for the quasimolecules

Capture cross section (1077cm?)

CeoF3s~ Xe and GoF3s~~ Xe' as a function of the distance R

between the two ions.AE is the endoergicity of the electron , e
capture reaction which occurs at a distarRe between the 6 8 10 12 14 16 18 20 22 24
two centers. The dashed curves represent a pseudocrossing AE (eV)

of adiabatic potential energy curves pertaining to low-velocity
collisions, and the shaded area relates to the size of §&{ FIG. 4. Capture cross sections as functions of the electronic
fluorofullerene. endoergicityAE. The curves are drawn to guide the eye.
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