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A genetic algorithm based search method was used to identify the lowest energy structu ¢f Xxe ClI-,

Br~, Cl, and Br) microclusters. The optimization was performed using an empirical potential constructed
from pairwise interactions (for the neutral clusters) together with three-body terms in the case of ionic systems.
The variation of the cluster energy and the electrostatic stabilization energy as a function of the cluster size,
n = 1-16, was examined. The calculations indicate that for larg@lues both CI and Clwere located

inside the Xe cluster, while Br and Bradsorb onto the cluster surface. For most cluster sizes, the lowest
energy structures of the lighter halogen seem to be independent of its charge state. However, markedly
different structures were obtained in the case of &nd Br. The stabilization energid&,,;, for the charged
clusters were estimated using the most stable structures found in the optimizations. Both halogens exhibit
rapid linear increase of the stabilization energy with cluster size apt®. For larger clusterksipcontinues

to increase linearly as a function but with a much smaller rate. The time evolution of thg Xeclusters

after photoionization was simulated using molecular dynamics. It was found that fothel loss of the
stabilization energy did not lead to appreciable fragmentation of the parent cluster, while for bromine a high
degree of fragmentation occurs in less than 100 ps.

I. Introduction these experiments, solvergolvent interactions have a negli-

] S ) gible effect on the energetics of the problem, and hence the
The investigation of the structure and dynamics of small 5, _solvent interaction can be probed directly.

clusters is important since these systems serve as a bridge
bfet\r/]ve_en the gasbphase and_ the Isolld stat%. In_add|t|0r|1, st:deOf variously sized Xg¥ (Y = CI-, Br, Cl, and Br) will be

ofthe interaction between microclusters and various molecules presented. The most stable structures of these clusters (for
or ions may make a major contribution to our understanding of _

; ) = 1—-16) were identified using an optimization method that is
solvation processes. These reasons motivated the developmerﬁased on genetic algorithms (GAS). These lowest energy

of suitable experimental and theoret|_cal methods to e_xplore SUChstructures were used to calculate the electrostatic stabilization
systems. The structures of weakly interacting atomic systems, nergiesEs, of the ionic clusters and its dependence on the
such as clusters of rare-gas atoms, have been the subjects q luster size. Finally, the fragmentation of parentXe clusters

investigation during the past three decatiéEhe forces between following photoionization was simulated using molecular
the atoms in these systems are well described by simple tWO'dynamics calculations

body interaction potentials. The _contribution of three-body The next section contains a brief description of the GA-based
terms to the full many-body potential of these clusters appearsoptimization method used to locate the most stable cluster

;?mzfat%r::?gf()trrfgrgtrlz%;uP;Oasr: dC dalﬁglr?]ti?sh;l?ﬁg;:; rsetg?rt])sleusin structures followed by an outline of the potential function used
y y %n the calculations. The results of the simulations will be

a variety of Fheoretlcal approach.es can be achleved. Howeyer’presented and discussed in section Ill, while the last section is
if the investigated system contains ionic species, the inclusion devoted to conclusions
of three-body terms in the description of their potential surface '
seems to be unavoidable. The properties of microclusters were
examined using a variety of theoretical methods, the two most
important ones being molecular dynamics (MBind simulated To obtain the lowest energy structure of a cluster, one has to
annealing! perform a search for the global minimum of its multidimensional
The theoretical studies were triggered in recent years by the potential energy surface. This optimization process becomes
development of experimental techniques that allow the measure-quite difficult as the cluster size increases due to the rapidly
ment of observables directly related to the structure of the clustergrowing number of local minima. In the present study a genetic
and to reactions among different species embedded in the clusteralgorithm based optimization method was used to search for
The evolution of cluster properties with size has been studied the most stable cluster structure. Since this approach has been
by both mass analysisind various spectroscopic techniges. discussed in detail elsewhetenly a brief description will be
In the case of charged clusters, the study of their structures andgiven below.
energetics was greatly advanced using photoelectron spectros- Genetic algorithms (GAs) are global optimization methods
copy’ This approach seems to be the best suited to the based on several metaphors from biological evolution. The
investigation of negative ionsolvent interactions in clusters. name is derived from the ability of the algorithm to simulate
Due to the vertical nature of the photodetachment process inselection in an evolving population of living creatures attempting
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In this paper a detailed study of the structure and energetics

Il. Details of the Calculations
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to adapt to their environment. The conventional GAs differ provided its fithness is higher than that of its parent. For
from traditional optimization methods in the following important operations where two sons are formed, the acceptance of each
respectg? one is determined by a comparison of its fithess with that of
(a) They work using an encoding of the control variables, one of the parents (randomly chosen). Otherwise, the parent is
rather than the variables themselves. In most applications, atransferred to the next generation. Once the new generation is
binary bit string (chromosome) is used for the coding of the constructed, the scheme described above is repeated until the

control variables. convergence requirements are fulfilled.
(b) GAs search from one population of solutions to another ~ T avoid the coding and decoding process, a GA-based
population, rather than from individual to individual. optimization procedure in which the control variables are used

(c) The GA uses only objective function information, not 0 form the strings was formulatéd.The main advantage of
derivatives. this approach is related to the high accuracy in the determination

(d) GAs use probabilistic, not deterministic, transition rules. of the global minimum of the system being examined. The

A variety of optimization procedures that incorporate genetic application of this search method was accomplished using a

. - - - set of GA operators that are suited for operation on chromo-
algorithms are desqubed in the Ilterature. A” ‘hes‘? GA'.ba.lsed somes represented by the control variables. It should be noted
methods are constituted of the following five basic building

: o . . that the probability of using these GA operators is varied durin
blocks: (1) Generation of the initial population. (2) Evaluation the sear[éh procetg,s accorging to the sfccess of each operatogr] in
of the fitness function for the individuals in the population. (3)

. . AN nerating high-fitn ns.
Selection of “parents” from which the next generation is formed. generating high-fitness sons

. N . In all the calculations performed in this study we used
S)fgﬁﬁhgfg of(tsr;eSGe@C(i%ira;?rtsh;ontqheemsbeelfresctfeodr t?]{;renr:at\?v populations of 100 individuals. The optimized structure for any

generation from the ensemble of “parents” and newly formed given qluster represents the Iowest_energy configuration ob'Fai_n.ed
b " in 50 different searches each starting from a new random initial
Sons-. ' . . . population. The GA-based optimization method described

The first step is accomplished in most cases by random o5e does not guarantee the identification of the global
selection of initial individuals. The representation of the minimum on a complicated multi variable energy hypersurface.
|pd|V|duaIs.can be performgd in the control variable’s space However, comparison of its performance with that of the
(ie., atomic coordinates in the case of cluster structure gimjated annealing approach shows that it is more efficient
optimization) or using a predefined binary representation of the

h ¢ AR X and has a highest rate of success in the location of lowest energy
control variables. If binary representation is used, coding and

) i . . 'Y structures of atomic clustefs.
decoding procedures should be defined since the fitness function  piantial Functions. As stated above. the fithess of a given

is usually evaluated in the control variables space (fitness related
to cluster energy in the present study). Typical population sizes
are in the range of a few tens to a few hundred individuals.
Once the initial generation is formed, the fitness of each
individual, F;, is calculated. These fitness values are defined n n—1 n n-1 n
in this work as the normalized cluster energj, = Eli/Elpest V=3V, + Z ZV‘J + Z ZV - 1)
Here F; and E; are the fitness and energy of structurand = = =
generatiorj respectively whileBlpestis the energy of the most
stable structure in the population. According to the potential Where the first two terms represent Xen and Xe-Xe
function used to evaluate the cluster energies (see below), stabldnteractions respectively, while the last term comprises three-
clusters are associated with negatilg Hence, negativé); body contributions corresponding to the energy between dipoles
values were set to zero. The scaling used to establish theon the Xe atoms induced by the halogen fénin eq 1 we
relation between the cluster energy and its fitness determinesneglected the contribution from the full, self-consistent, many-
the relative frequency with which a given individual will be body interactions among the induced dipoles. This approxima-
used as a parent in the formation of the next generation. ~tion is justified since the polarization of the Xe atoms is
To evolve the population from a given generation to the next dominated by their interaction with the halogen ion. Thus, the
one, a set of GA operators is applied to randomly chosen parentthrée-body terms in eq 1 are believed to constitute a quite
structures. These operations result in the formation of new accurate and economical (by means of computational time)

structures, “sons”, that may become individuals in the next Model of these interactions.

generation. The two most common GA operators are “cross- For the Xe-ion interaction we adopted the form suggested
over” and “mutation”. The first operation, crossover, involves 0Y Mansky and Flanners:

the exchange of a randomly chosen section between two parent R, \12 R, \v R, |4
strings (i.e., ABCD+ AB'CD’ —~ AB'CD' + ABCD). The =gl 2| 4 c-p)l-2| —c[-=
result of this operation is two new “sons”. The second ' ' Ry Ry Ry
operation, mutation, consists of a random change of a single R, i =R, (2
element in a parent string. If, for example, a binary representa-

tion is used, the mutation operation consists of randomly Cp, oy Cs Cs Cio

selecting an element in the parent string and changing its value = R 12 - SR, A - R, 6 - R 8 -

(i.e., 0— 1 or 1— 0). Once the sons are formed, a selection Y i Y- Y Y

rule is used to determine which individuals in the ensemble of R >R
sons and parents will be included in the next generation. A

number of different selection rules have been described in thewhere Vy+ represents the interaction between Xe atoend
literaturel® Three such rules were examined in a previous the ion Y~. The parameters used to compute the-Be~ and
study® In this work we used the second selection rule of ref Xe—CI~ potentials are those given in ref 11. In the second
8c, namely, a son is accepted as a member of the new generatioterm of & 1 a Lennard-Jones potential was used to represent

atomic arrangement in the cluster is related to its potential
energy,E;. In the case of ionic clusters, ¢~ (Y = Cl or
Br), the potential energy was assumed to have the form

= =
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TABLE 1: Binding Energies and Equilibrium Distances for 00—
the Various Diatomic Species Used in the Simulations | e LI B
¢ * e,Br
molecule DeleV] Re[A] 054 S x . /
Xe—Xe 0.02432 4.3634 ] M <,
Xe—Br 0.02320 4.1666 — C x4,
Xe—Br- 0.16875 3.3963 2 | Xed = SN
Xe—Cl 0.03464 3.3510 z T . FEN
Xe—CI~ 0.19782 3.3041 w15 . 8 . x
Xe,Br L. . d
the interaction between Xe atorngndj: , ] o /" .
-2 1 Xe £ - = -
o\2  [o)® ] -
! [ R Rj 25 —
0 4 8 12 16
where the parameters for the X¥e potential were taken from n
ref 12. The induced dipoteinduced dipole interaction, the last  Figure 1. Variation of the most stable cluster enerByss as a function
term of eq 1, has the following forr¥: of cluster size.
VY*ij = ! Xe,Cl
2 = = = = Xe,Br
q o0 - = 3(Rv—i'Rij)(RY—j’Rij) 004
————{ R, "R — — f(Ry) (4)
RiR-Ry-) :

-0.08 -

with

Xe,Br

fo(Ry) = (1 + e ™) (5) RN
0169 ‘\Xencr

where the Xe polarizabilities used in eq 4 were identical to those

in eq 2. The parameters used in the switching function of eq 5

wereb. = 10 A~? andR, = 2.321 A. o g § b 1
In the case of neutral Xe halide clusters, the potential energy n

was calculated as a sum of pairwise interactions of the form Figure 2. Variation of the average energy per atdfg, = Epes/n, as
a function of cluster size.

Eav [eV]

n n—1 n
V=3V + Z Zvij (6) The potential functions described in this section were used
1= =L to evaluate the potential energy of a given structlge, The

where the second term on the right-hand side represents thecluster energies were converted into fithess values by normal-

Xe—Xe interaction (as in eq 1) and the first term represents the lzing B by the value of the lowest energy structure in the

interaction between the halogen atom and the Xe atoms. Inpopulation. .lt should be noted that the_ cI_u_ster energy is
the case of XeCl we used the exp6 form suggested in ref measured with respect to the energy of infinitely separated

14- particles. Thus, negative cluster energies are associated with

’ bonded structures while positive energy values are associated
— ApD 6 with unstable clusters.

V=Ae" - C4JR

while for Xe—Br the interaction was assumed to be given by a lll. Results and Discussion

Lennard-Jones (}26) potential. The parameters for the Xe The GA-based optimization method was used to search for
Br potential were obtained using the Loren&erthelot com- the most stable structures of the Xe and XgY (where Y=
bining rules; the parameters related to the-¥& and Br-Br Cl, Br andn = 1-16) clusters. The variation of the calculated

interactions were taken from refs 12 and 14, respectively. Theseenergies of the lowest energy structuréss; as a function of
combining rules were employed in recent studies of similar cluster size is shown in Figure 1. The data shown exhibits a
systems316 [t is recognized that the functional forms chosen monotonic decrease &hest(increasing stability) as a function

to represent the XeCl and Xe—Br interactions are not the most  of n for the neutral clusters. In the case of the ionic clusters
suitable forms for open-shell systems. However, we believe Epestchanges linearly as a function nf Careful examination
that these forms provide an accurate description of binding of the results for ionic clusters shows a change in the rate of
energiesPe, and equilibrium distancefg of the Xe-Cl and Epest decrease at approximatety= 6—8. For smalln values
Xe—Br species. As we shall see below, the relative magnitudes the variation ofE,estis determined by the number of Xe atoms
of the binding energies and the equilibrium distances have in the cluster which are nearest neighbors of the halogen ion.
important ramifications regarding the lowest energy structures Such monotonic variation dyes:for the different cluster types
and stabilization energies of the clusters examined. The is anticipated. Moreover, the average energy of a cluster atom,
functional forms of these interaction potentials are expected to Ea, = Epes{n, is expected to decrease as a function of the cluster
have a much smaller influence on these quantities. However,size (for small clusters). This decreasekjf is not expected
even if the interaction potentials used to describe the-Gke to be linear inn, since the number of new pair interactions
and Xe-Br bonds are inaccurate, one can view this study as a formed upon the inclusion of an additional Xe atom changes
“model study” which, as we shall see below, leads to interesting with the cluster size and its structure. The variatiorEgfas
results. The binding energies and equilibrium distances of the a function ofn is shown in Figure 2 for the four cluster types
various diatomic species are summarized in Table 1. investigated. The anticipated behaviog§ is clearly observed
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XeyCl XeBr

Figure 3. Lowest energy structures of X¢ clusters obtained by the
GA-based optimization. Structure in the upper left panel corresponds Figure 4. As in Figure 3, but for XgY.
to Y = CI~, the upper right to Y= Br~, the bottom left to Y= Cl and

the bottom right to Y= Br. In all four cases, the large dark ball
represents the halogen ion or atom, while small light balls correspond
to Xe atoms.

XeqCl XesBr

for the neutral clusters. In this case the decreasE;phs a
function ofn is rapid for small clusters and seems to tend to a
constant value for large values. A constank,, value is
expected for large clusters, where the addition of a Xe atom
results in a nearly constant number of newly formed bonds.
Contrary to the behavior observed in neutral clusters, in the
case of XY~ E,y exhibits an initial increase but nonetheless
tends to a constant rate of change for larger cluster sizes. The
increase in the magnitude Bf, for smalln values is related to 2
the repulsion induced by the three-body terms used in the ;'
evaluation of the cluster energy (see eq 1). For small clusters -
the magnitude of this repulsion is larger than the gain in energy
due to the attractive XeXe interactions, and it results in the
observed initial increase ,,. Once the cluster is large enough,
the repulsion converges to a constant value Bgobecomes
nearly independent af. These results clearly demonstrate the
importance of the inclusion of three-body interaction terms in
the potential function describing charged cluster energies.
Next we examine the structure of the lowest energy clusters
obtained in the optimization process. The most stable clusterFigure 5. As in Figure 3, but for XgY.
structures of the four cluster types which were obtainedhfor
=4, 6, 8, 10, and 13 are presented in Figure§ 3 In all cases can be related to the differences between the binding energies

Xe;;Cl XesBr

the top pair correspond to the ionic clusters,Bie (right) and and the equilibrium distances of the particles forming the
XenCl~ (left), while the pair at the bottom to the neutral ones, clusters.
Y = Br (right) and Y= ClI (left). For all the structures shown In the case of chlorine, the binding energies of both-X&

bonds were drawn only between nearest-neighbor pairs whereand Xe-Cl~ are larger than that of XeXe, while their
the distance between the two particles was equal to theequilibrium bond distances are smaller than that of-Xe.
equilibrium separation of the pair considered. Examination of Hence, the lowest-energy structure will correspond to the largest
these results shows some general trends. For example, for alpossible number of Xehalogen bonds in the cluster. The
n values both ionic and neutral chlorine-containing clusters results presented in Figures 3 indicate that 8 Xe atoms yield
exhibit identical structures (on the basis of cluster symmetry the largest possible number of nearest-neighbotbaogen
and the position of the halogen atom/ion). The corresponding pairs. A larger number of Xe atoms will result in a X¥e
bromine-containing clusters show a quite different behavior. repulsion that is not compensated by the additionatXaogen
Moreover, comparison of the structures obtained for the two binding. Thus, the first “solvation” shell, in this case, contains
halogens shows marked differences in symmetry and the 8 Xe atoms. Increasingbeyondn = 8 leads to the growth of
position of the halogen. These characteristics of the clustersadditional shells which correspond to larger X®alogen
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Figure 8. Variation of the stabilization energy of the two types of
ionic clusters investigated as a function of cluster size.

groups the Xe-halogen bonds are much stronger than the-Xe
Xe bond, while the corresponding equilibrium separations are
shorter than those of XeXe. These features dominated the
lowest energy structures of the clusters. In the case of neutral
bromine, both the XeBr binding energy and its equilibrium
distance are very close to the corresponding values for the Xe
Xe pair. Examination of the lowest energy structures of the
XenBr clusters shows thdtls, undergoes large fluctuations in
) the range 3-11. Moreover, because the number of-X&e
iRl interactions is maximized, the bromine is found, for all cluster
‘ sizes investigated, attached to the surface of a Xe cluster.

In summary, the comparison between the lowest energy
structures of the four cluster types shows that for largalues
bromine tends to be attached to the surface of a Xe cluster,
while both CI- and Cl are imbedded inside the Xe cluster.

The utilization of photoelectron spectroscépy the study
of the energetics and structures of ionic clusters has proved to
be very fruitful. The vertical transition of the photodetachment
process allows one to obtain by these experiments the stabiliza-
tion energy Estap Of the ionic cluster compared with that of the
neutral one. The magnitude &y is defined as

XemCl XemBl'

Eqar= EIXe,Y (Ry)l — EIXeY(Ry)l  (7)

where Ruin represents the coordinates of the particles in the
lowest energy structure of thenic cluster. The variation of
|Estad as a function of the cluster size is shown in Figure 8. For
both halogens the rapid initial increase|i.d is followed by

a much slower one with the change in the rate occurring for

Xe:Cl XesBr both systems an = 6. In_the czilse of BT n =6 corresponds
. T to the completion of the inner “solvation” shell. The increase
Figure 7. As in Figure 3, but for XeyY. in cluster size beyond = 6 results mainly in the formation of

additional Xe-Xe pairs whose interactions are not changed by
distances. The outcome of this interplay between binding the vertical transition during the photodetachment process. Thus,
energies and equilibrium distances is that the chlorine (atom or 5 nearly constant value dEsay is obtained fom > 6. The
ion) tends to be positioneiside the Xe cluster. sharp decrease in the magnitudeEgf,for n = 13 is related to
The binding energies of XeCl~ is larger than that of Xe the variation in the size of the inner “solvation” shell for=
Br~, and hence it is expected that the number of nearest-neighbor12, 13, and 14. The correspondiNg, values obtained for these
Xe atoms about the Brion, Nso, Will be smaller than the clusters are 7, 5, and 6, respectively.

corresponding number for Cl Indeed, the inner “solvation” In the case of Cl-containing clusters, despite the fact that
shell fqr Br- contains, in most cases, only 6 Xe atoms. The Ny, = 8, a marked change in the rate thBt.q increases is
exceptional cases are ¥Br~ and Xe3Br~ whereNsq = 7 and observed also at= 6. This change in the rate at= 6 is due

5, respectively. This variation iNs is related to the interplay  to the difference between the Gt Xe and CHXe interactions.
between the repulsive and attractive interactions in the different The large initial difference betweenCtXe and CXe binding
arrangements of the particles in the cluster. In this case, energies decreases rapidly with increagingalues as a result
increasingn beyond 6 results in the growth of a bulklike Xe  of the repulsion due to the three-body terms. Indeed, the change
structure with the bromine ion attached to its surface. of cluster energy upon addition of an extra Xe atd#r) —

Finally, the neutral bromine clusters group is exceptional E(n — 1), for both ionic and neutral chlorine-containing clusters
compared with the other three cluster types. In the first three becomes nearly constant for> 6.
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Figure 9. Variation of the energy of the neutral cluster after
photoionization as a function of cluster size.

The results presented in Figure 8 show that fomalalues
the magnitude ofEsid for the XBr~ clusters is much larger
than that of the corresponding p& clusters. This discrepancy
is related to differences between the structures of the ionic and
neutral clusters of the two halogens. In the case of chlorine,
the lowest energy structures obtained for the ionic clusters are
practically identical (in terms of symmetry and interparticle
distances) with those of the neutral ones. As a result, the
photodetachment process produces neutral clusters with struc-
tures very close to those of the most stable ones (within a few
percent). Hence, the magnitude|&f:d is determined by the
difference in binding energy of the Ct-Xe bond as compared
to that of CHXe.

The situation in the case of the bromine-containing clusters
is quite different. Here, the lowest energy structures of the ionic
clusters are, for most values, markedly different than those Fragment cluster size distribution
of the quresponding ngutral clusters. Moreover, the equilibrium Figure 10. Size distribution of fragment clusters following the
separation for Br—Xe is much smaller than that of BiXe. photoionization process. Herd(n) is the number of fragments
The result of these differences is that the structure of the neutralcontainingn atoms and\y,; is the total number of trajectories calculated.
cluster formed by photoionization is substantially deformed

reIaFiye to the cqrresponding most stgble structures. Thus, ingynipit markedly different behaviors. In the case of,&k for
addition to the d|ff_eren<_:es in the blnd_lng energies OT_BX? largen values almost no fragmentation occurs during the first
and Br-Xe, Eqan in this case contains large contributions 100 ps following the photoionization. For smaller parent

associated with structural deformations. . . )
. . clustersn < 7, the emission of single atoms and pairs of atoms
The differences in lowest energy cluster structures between.

ionic and neutral halogens (particularly in the case of Br) may IS observed; however, most of the original clusters do nqt split
result in the formation of a highly unstable neutral cluster after into sma_ller fragments. These results are consistent \_N't_h the
the photodetachment process. The variatioE[NenY(ﬁmin)] observations discussed abpve. Na}mely, the great similarity
as a function of cluster size is shown in Figure 9. Here negative P€tween the symmetry and interparticle distances of the lowest
values ofE[Xe,Y(Rmin)] represent stable clusters while positive €nergy structures for X€lI~ and XeCl leads to the formation
values correspond to highly unstable ones. Itis clear from these©f stable neutral clusters after the photodetachment process. For
results that in the case of chlorine, the neutral clusters formed mostn values the excess energy of the newly formed neutral
after photoionization are bound and stable. However, in the cluster is small and not enough to result in the emission of a
case of bromine the clusters formed, up o= 8, are fragment cluster during the time examined in the simulations.

characterized by a net repulsive potential energy and are The situation is markedly different in the case of K&

expecteddto ﬁe h'ggl,i/_ uns}tart:le. I tormed following th clusters. Here, a very high probability of fragmentation is
h-(l;?o'S(;[rL\j' gt'toﬁ Srtoacég t%et'r ?ngeu:t%rlst'ggmeas fgugngg tsﬁ observed for alh values. lItis clear that in all cases the emission
P lonization p » thetrd volution w WEAUSING ¢ atomic fragments is the most probable process, while the

MD simulations. For each cluster 500 trajectories were formation of larger fragments occurs with low probability. For
calculated simulating its time evolution during 100 ps. For the Jarge 9 . probaniity.
all cluster sizes in this group, the survival probability of the

initial conditions we used the coordinates obtained for the lowest i X e
energy structure of the ionic clusters, while the initial velocities Parent species at the end of the simulation is very low. Namely,
were sampled from a Boltzmann distribution at 70 K (typical &l the clusters undergo rapid fragmentation following photo-
experimental conditions). The fragmentation of the parent ionization; these results clearly demonstrate the high instability
clusters following the vertical transition obtained from the MD  of the X&Br clusters formed after photoionization. This finding
calculations is summarized in Figure 10. The data present theis in agreement with the above analysis of the origirEqfn
average size distribution of the fragment clusters at the end of which includes a large contribution from repulsive interactions
the simulation period. It is clear that the two types of clusters deriving from cluster deformation.

I(n)/Ntrnj
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