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Experimental determination of the energy barrier for the Li,** cluster
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Photoinduced Coulombic fission of doubly charged lithium-atom clusters is observed for cluster sizes around
the critical size of stability. The absolute value of the outer part of the Coulombic barrier is deduced from
kinetic-energy-release measurements. The inner part is obtained from unimolecular decay. Such analysis pro-
vides a complete characterization of the energetics of the fissioning system.

Experimental studies of dissociation processes of doublyater times are the ionic fragments from neutral evaporation.
charged single &” electron-atom clusters have been the sub-It can be noted that both evaporation and Coulombic fission
ject of recent publication’:* These finite fermionic systems contribute to the dissociation of 4. Concerning its fis-
exhibit Coulombic fission into two singly charged fragments.Sion into two singly charged fragments, the main channel
Detailed studies on alkali-metal-atom clusters have showlfads t0 Lis" as the highest fragment, and consequentyy Li

that fission predominates at small sizes, whereas evaporatigit'St Pe the lightest one. In order to observe the light fission
of a neutral monomelor dimey prevails at large siz&* The product the experimental setup is modified as follows. The

limit between both domains is given by the so-called Criticalretardmg potential is replaced by a decelerating/accelerating

. . o9 . multiplate system. In between the central plates the selected
size of stabilityn, .°> Below this size, the repulsive Coulom- b y P

parents are fired with a second laser source, a pulsed ArF

bic forces overcome the binding forces and Coulombic fis,imere |aser oscillating 4tv=6.42 eV crossing the cluster

sjon prevails. Aboven., neutral ev_aporation is the preferen- beam at right anglesThe photoexcitation of Lf* at a pho-
tial decay channel. More precisely the analysis gf theion energy below its ionization threshold promotes a fast
energetics suggests that aroumd the fission barrieB7,  heating of the parent, which fragmentates during its resi-
should be comparable to the dissociation energy for thejence time in the interaction region. The resulting products
evaporation of a neutral monomér dimed D%,y (Fig.  are mass separated in the second time of flight.
1). For Li,?" clusters we have found,=25. According to As an example, Fig. 3 shows fragmentation spectra ob-
that scheme, the fragmentation channels simultaneously eserved under various laser fluences for, the doubly charged
hibit fission and evaporation products due to the competitiotithium cluster Li* far above the critical siza,=25. At a
between both process&s. low laser fluence one observes a sequence of doubly charged
Since the potential-energy barrier governs the dynamic§agments Lj*" resulting from the photoevaporation of the
of the fission process, it is of primary importance to deter-parent in a size domain where the neutral evaporation is the
mine its absolute value. Up to now the inner part of thedominant process. Each step of the sequence corresponds to
Coulombic barrier has been obtained by studying the unimothe photoevaporation of five monomers following the photo-
lecular decay of doubly charged alkali-atom clusters in theabsorption of one photon dtr=6.42 eV. This leads to an
critical size rang&.0n the other hand, the outer part of the averaged dissociation energyn the vicinity of n=33)
Coulombic barriefi.e., for a fusion processas been deter- D 37~1.28 eV, a value which is comparable to the dissocia-
mined from the kinetic energy released from the fission ofion energy of the corresponding singly charged cluster
unstable doubly charged species for sizes somewhat smallBy,,;=1.22 eV obtained from previous experimeft$he
thann,. In this paper we emphasize an experimental proceproduction of Li?* stops in the size range of~n,, for
dure allowing the determination of both parts of the Coulom-which the fission barrier becomes smaller than the dissocia-
bic barrier of clusters in the vicinity of the critical size. These
results, in their whole, provide a complete determination of x§:1 + X
the energetics of Coulombic fission. ;‘\

The experimental setup has already been described in
detail? Briefly, a neutral distribution of clusters produced by
a gas-aggregation soufceis ionized by a pulsed UV laser D2

source and accelerated at 4.5 kV typically. Cluster ions enter n Bf,fp g2

a tandem time-of-flight mass spectrometer where they spa- 2 n-p
tially resolve into mass packets. In the first time of flight a ‘I’ Anp

couple of deflecting plates selects a given size of parent ions. >

For those undergoing unimolecular decay during their flight, Xﬁ’ \ *

a retarding potential followed by the second time of flight Xop * x;
allows us to separate residual parent and unimolecular frag- - d>

ments in time! As an example, Fig. 2 shows the unimolecu-
lar fragmentation spectrum of 4 and Li3". Peaks arriv-
ing at times earlier than the parent arrival time are due to the FIG. 1. Energetics of the fragmentation pathways for a doubly
highest fragments of the fission process. Peaks arriving atarged parerk2™.
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clearly observed as the most probable lightest fission frag-
ment.

At a medium laser fluence the truncated?i series is
more visible. The neutral evaporative products Li angdre
ionized athv=6.42 eV and produce the Liand Li* ion
peaks. The apparent stopping size of the serigs-i28. This
is the closest approach from the critical size26 allowed
by the evaporative sequence: the fragmepjTiis obtained
after four successive sequences of photoabsorption and
evaporation. The next one would produce thes1'i frag-
ment, but the quenching of the evaporative sequence by the

t + + fission process below the size=26 hinders us from reach-
26 28 30 ing this fragment. The heavy fission fragmengJLi still con-
TOF (ps) tains an excess of internal energy, and mostly decomposes.
he residual weak signal cannot be discriminated from the
arge superimposed ion parent peak. Actually the existence
of this heavy fission fragment is indirectly revealed at high
laser fluence. A series of gj peaks appears which can be
tion energyB ﬁ},<D ﬁ*i For lithium clusters the correspond- attributed to the photoevaporation of,41 following the ab-
ing size isx=26. Below this size fission becomes the domi- sorption of several photons.
nant fragmentation process. As expected from the unimo- A summary of the sequential dissociation pathways is
lecular dissociation experiment, {i (p=3 channel is  given as follows:

2+
Lizg

3
Lit Lii
121

T+
Liyg —

ION SIGNAL

FIG. 2. Fragmentation spectrum of a selected charge/size rati
Lioe*" and Lij3" showing the evaporative products and the fission
products in a unimolecular dissociation experiment.

Li,>" +hv—evaporative sequence ,Ei and reionized neutral evaporative products’,Li,", 1)
Lize™ —Liss™+Lis", 2
Lis" +hv—Li,* series. (3

To ensure this interpretation we have measured the kinetic

energy released during the fission process. By choosing a §=&Mpy+ EMyp= &My
convenient voltag®/ of the decelerating/accelerating plates,

our setup offers the advantage of being sensitive to the recotthis is nothing else but the outer part of the Coulombic
velocity of the fragment&? Actually the kinetic-energy re-  barrier associated with), provided that there is no transfer
lease for the Coulombic fission process induces a recoil vehetween the potential energy and the vibrational internal en-
locity of the fragments which is measured by time dispersiorergy of the fragments.

in the second part of the time of flight. The inset of the upper The validity of our interpretation summarized in pro-
trace in Fig. 3 shows the trimer ion signal at a low lasercesse¢1)—(3) is also ensured through our measurements per-
fluence and at a small value ¥t The splitting of the trimer  formed in the size range=26-53. As shown in Table |, one
peak characterizes the recoil effect, taking into account thagptains the same value fd@g+ whatever the starting parent
the small acceptance angle of our device allows us to detegf. This would not be the case if the fission observed comes
only the fragments which propagate relatively close to thedirectly from the selected parent itself. Then we can con-
drift tube axis. At a high laser fluence this splitting is still clude that we have measured the outer part of the potential

visible as shoulders superimposed on the single-ion peak dughergy barrier, i.e., the fusion barriBf%" for n=26 only:
to the thermal evaporative proceg$. The kinetic energy of '

Mp2
1+ - ) (6)

nl

a fragment of masm,,; in the fission process B,25=1.19+0.1 eV,
Xa"—=Xmt+Xpp  With ny+ny=n (4 The unimolecular dissociation experiment for the same size
is given by gives the inner part of the potential-energy barrier, i.e. the

fission barrierB3*, by comparing the rates of fission and
evaporation processés,

£ 1(eV) ( At )2 m,my; ( \Y N uo—v)3 -

mnl e = — - ’
1444 ] Uo=Vimu  m, B2:,=1.10+0.08 eV.

where At is the time splitting,L the length of the second

drift tube, U,, the initial acceleration energy of the parent of AS the energy balance for procelgs, one deduces

massm, (m,, andm,, in a.u.;Ugy and volts in V, and_ in

cm). The total kinetic energy involved it%) is ng,s_ B’§§3= —0.09:0.2 eV.
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FIG. 3. Fragmentation spectra of}4" following a photoexci-
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FIG. 4. Experimental values of the energetics parameters for the
Lioe® " —Liys"+Lis" process. The dashed curve: pure Coulombic
energyE®.

The good agreement between the two determinations of the
energy balance, within the experimental uncertainties,
strengthens our assumption of no noticeable conversion of
the potential energy into the internal energy of the system.

It is then possible to go further and to discuss on the shape
of the potential-energy barrier. This can be done in the two-
dimensional potential-energy diagraa{d), whered is the
center-of-mass distance between the two fragmenjs' Li
and Lk". The asymptotic value and the maximum of the
barrier are deduced from the values @gs and ngg. At
large d, i.e., for well-separated fragments, the asymptotic
behavior of the barrier can be well described by the pure
Coulombic repulsive curve of two point charges:

14.4

ES® (eV)= ——.
(ev) 4 A

)

At a moderate value of, E%° constitutes an upper limit for
the fusion barrie(Fig. 4). It follows that the distancel,,,
between the fragments at the maximum of the barrier has an

tation ath»=6.42 eV in a photoinduced dissociation experiment. upper limit determined by
Three levels of laser fluence have been used and two different val-

ues of the retarding potenti®f.

12+ _ —=cbh
B26,3_ E !

This value can be compared to the one obtained from the .
total energies of the parent and the fragments. This has be&tN9
achieved from our measured dissociation energies, atomiza-

tion energies, and
reported’ leading to

A%¢,~—0.06-0.2 eV,

ionization potentials as previously

da=<12.1 A.

The lower limit is given by the contact distance between the
ionic cores of the fragments, assumed to be spherical:

TABLE . Kinetic energy released by the light fragmengLiin the fission process J3" —Li,.s" +Lis"

for some sizes of selected parent.

n 26 27 29

31 37 39 53

£av 0.93
(eV)

1.08 1.14

1.05

1.06 1.14 1.02 1.01




1094 BRIEF REPORTS 53

dma=7.37 A. mated value of the barrier, as compared with experimental

o ) results.
In betwgen these two limits lies the contact distadgcef the Although we are blind dealing with the precise shape of
electronic clouds of the fragments: the barrier at its maximum, the above considerations are in

_ favor of a strongly deformed system in the distance domain
d,=8.76 A. . 20T : o

of the maximum of the barrier, implying preformed fission
The value ofE® at this contact distance is often consideredfragments. This is in agreement with recent theoretical find-
representative of the maximum of the energy barrférn ings, and might be suitable for a test of refined calculations
our case this obviously would lead to a strongly overesti-on the dynamics of such systerfs-
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