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Dissociation dynamics of 12 ···Nen van der Waals clusters (n= 1-9): 
A quasiclassical approach 

A. Garcia-Vela, P. Villarreal, and G. Delgado-Barrio 
Instituto de F/sica Fundamental, Centro Mixto C.S.LC.-Univ. Complutense, Serrano 123,28006 Madrid, 
Spain 

(Received 4 June 1990; accepted 29 January 1991) 

The dynamics of vibrational predissociation (VP) of van der Waals (vdW) 12 '" Nen clusters 
is studied by means of a quasiclassical trajectory approach. We assume a near-equilibrium 
geometry that accounts for the 12 stretch and the stretching and bending modes of the rare gas 
atoms restricted to move along a plane perpendicular to the 12 axis. A sharp increase of the 
half width is observed for n = 9 together with certain stability of the n = 8 cluster size with 
respect to dissociation. It would indicate the existence of a first coordination shell for Ne 
around I containing eight atoms. In addition, the dissociation results less and less efficient as 
n increas~s and statistical mechanisms become important for the cluster sizes studied. 

I. INTRODUCTION 

It has become a field ofincreasing interest to analyze the 
energetics and dynamics of van der Waals (vdW) clusters in 
recent years. In part, it has been due to the continuous prog
ress of the experimental techniques capable of carrying out 
very accurate measurements. Also, it has greatly contribut
ed to the development of several theoretical approaches such 
as Monte Carlo and molecular-dynamics simulations,l,2 the 
density functional formalism,3,4 self-consistent field,5 and 
wave packet6

,7 treatments, among the most relevant ones. 
Both experimental and theoretical research efforts have been 
addressed to an extensive variety ofvdW complexes. Most of 
these studies have been concerned with rare gas atom-di
atomic clusters,8-12 but systems with one vdW bond and sev
eral chemical bonds l3.14 or only those composed by rare gas 
atoms1

,4 have received great attention. Also, there has been 
the study of clusters with a diatomic molecule and 
two 1S (a).16-19 or more weak bonds (12'" Hen (n = 1-
3),15(a) 12'''Nen (n = 1_7),15(b) Br2" 'Nen (n = 1_3),20 
ICI·· 'Nen (n = 1_5),21 CI2" 'Nen (n = 1_3),22 12" 'Hen 
(n = 1_9)23), in order to elucidate the competition in the 
flowing of energy from the excited diatom to each vdW 
bond, and to explore the structure and possible coordination 
effects l5(b),23 in these systems. Indeed, in some of the above 
references,15(b).20-22 it was experimentally found that a band 
shift rule l5 (b) is fulfilled up to certain value of n (different 
for each cluster). In this light it was inferred that the corre
sponding n rare gas atoms occupy equivalent sites. A geome
try consistent with these experimental results, proposed by 
some authors,15(b),22 is that in which the rare atoms are en
circling the diatomic axis (a "belt" configuration). Kennyet 
ai. 15

(h) suggested the existence of a first coordination shell 
about the diatomic molecule, which would be composed of 
the rare gas atoms occupying equivalent positions (six atoms 
in the case OfI2 ... Nen ). 

In this work, we face the problem of studying the VP of 
12 ... Nen clusters, with 12 vibrationally excited in the 
B 3n + electronic state, from a theoretical point of view. A 

Ou 

quantal treatment of such a system, with so many degrees of 

freedom, becomes both very expensive and complicated. We 
thus chose a quasiclassical trajectory (QCT) approach as 
more appropriate to study these complexes. The QCT treat
ment has the advantage of providing a great deal of physical 
insight of the mechanisms that take place in the VP process, 
such as transference of energy among the different bonds 
involved, intramolecular vibrational relaxation (IV R), and 
so forth, which may be easily pursued along the trajectory 
evolution. Recently, we have applied a QCT model to 
12' .. Hen clusters (n = 1_9),23 assuming a near-equilibrium 
geometry that allows the vdW bonds to move along a plane 
perpendicular to the 12 interdiatomic axis. Since the rota
tional constant associated to 12 is very low (Be-0.04 
cm- I

), this molecule was treated as a nonrotating body. 
Hence the following motions were taken into account: the 
stretch of 12, the stretching vibration with respect to the 
center of mass ofI2, and the bending oscillation of each vdW 
bond along the plane perpendicular to 12 , i.e., 2n + 1 degrees 
of freedom. This near-equilibrium geometry is actually the 
same as that proposed by experimentalists (the rare gas 
atoms encircling the diatomic axis), but with one restriction, 
i.e., each vdW bending motion outside the perpendicular 
plane is "frozen" at its equilibrium configuration in our 
treatment. We observed for 12 Hen clusters a sharp increase 
of the halfwidth for VP from n = 8 to n = 9, and we inferred 
the existence of a first coordination shell for He atoms about 
12 containing eight atoms in equivalent sites. Also, we found 
the dissociation reaction of the first vdW bond to be less and 
less efficient as n increased, it being due to IVR mechanisms 
between the different bonds, despite the relatively small in
teraction He-He. In the light of these results, is interesting to 
study, from a theoretical point of view, the systems 12 ... N en 
in order to search possible coordination effects already 
found experimentally,15(b) but now analyzing other proper
ties such as the half width for VP, instead of the band shifts as 
in Ref. 15(b). These systems present another feature of in
terest due to the fact that the interactions 12 ... Ne and Ne
Ne are stronger than the equivalent ones for the 12 ... Hen 
case. Hence, it would be expected that for 12 ... Nen clusters, 
statistical mechanisms will be enhanced and, therefore, 
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more evident than for the corresponding systems containing 
He atoms. In addition 12' .. Nen clusters with n>2 allow to 
analyze dissociation pathways yielding Ne2 products, which 
have been experimentally observed for el2 ... Nen (n = 1-3) 
clusters.22 The He2 product is not possible for 12 ... Hen dis
sociation because of this diatomic molecule has no bound 
states. 

In this paper we have assumed for 12 ... Nen clusters the 
same near-equilibrium geometry as for 12 ... Hen' already 
mentioned above. We would like to stress the fact that pre
vious results 19,24 point out that this geometry is closer to the 
real situation for 12 '" Nen clusters than for 12 ... Hen ones. 

The outline of the paper is the following. In Sec. II we 
describe the QCT treatment together with the potential ener
gy surface used. In Sec. III details of the calculations and 
results obtained are given. Some concluding remarks are 
made in Sec. IV. 

II. THEORY 

A. The quasiclassical trajectory approach 

The QCT formalism applied in this paper is the one al
ready used in a previous work,23 although some modifica
tions have been introduced in order to analyze multiple con
tinuum (Me) dissociation pathways22,25 producing 
simultaneous breaking up of 2Ne, 3Ne, ... atoms, or those 
pathways yielding 12," Nen _ 2 + Ne2 products. We will 
briefly describe the model, focusing our attention mainly on 
the modifications. 

The classical Hamiltonian used in the present work for 
the 12 ... Nen clusters includes all the kinetic coupling terms 
as well as those via the potential between the vdW modes 
considered. This Hamiltonian has been showed elsewhere 
[see Eq. (17) in Ref. 23]. The corresponding Hamilton 
equations constitute a set of 4n + 2 first order coupled differ
ential equations to be solved once the initial conditions have 
been established. The initial conditions are calculated from 
previous quantal results24 in the same way as in Ref. 23. 
Only a small difference remains. The range of 10° taken to 
randomly select the relative angles between adjacent rare 
atoms, from which the initial bending angles are calculat
ed,23 is centered in this work at 40°, instead of at 45° as for 
12'" Hen' The reason is because in previous calculations 19 it 
was found that the eqUilibrium value of this relative angle is 
_41° for 12"'Ne2 (while it is _43° for I2"·He2). For 
12 ... Neq, the Ne atoms are very close together and there 
begin to appear repUlsions between them when they separate 
even a few degrees from their equilibrium angles. Then, in 
order to avoid the calculation of very repulsive initial condi
tions, we have restricted the range of selection from 10° to 4°, 
also centered at 40°. 

A trajectory is considered as dissociated when one of the 
R; distance (Le., the distances from the rare gas atoms to the 
center of mass of 12) becomes larger than a certain value 
Rmax , for which the corresponding vdW interaction vanish
es. The trajectories are also terminated when the time ex
ceeds a given T max' 

We fitted the distribution of trajectories to an exponen
tiallaw of decay26 

(1) 

NT being the total number of trajectories, NND the number 
of nondissociated ones at time t and 7 the lifetime of the 
cluster. From the lifetime, the half width is calculated as 

fz r=-. 
27 

(2) 

As regards the calculations related to Me dissociation, 
we consider a trajectory as a Me one, yielding 2Ne, 3Ne, ... 
products, if at the end of the trajectory two or more rare gas 
atoms can be considered as dissociated. There is no problem 
to consider the first atom as dissociated, since it has reached 
the Rmax value above mentioned (in fact, this is the condition 
that ends the trajectory evolution). In order to consider that 
the remaining atom (or atoms) also reached dissociation, 
two additional conditions must be fulfilled simultaneously at 
the end of the trajectory, that is to say, the corresponding 
12 ... Ne bond distance and energy have to be greater than 
certain values such that it may be considered that the atom 
(or atoms) escapes. The above is concerned with dissocia
tion of Ne atoms as free atoms, but these atoms also can 
dissociate as Ne2 diatomic molecules. We will consider that 
the dissociation process produced a Ne2 diatom if the above 
conditions are fulfilled, at least for two atoms, and in addi
tion, these two atoms are bonded with a negative energy. 

B. Potential energy surface (PES) 

We represent the PES for these clusters as an addition of 
pairwise atom-atom interactions 

with 

n n 

V = VI2 + ~ V'z-Ne, + 2:. V Ne,Ne/ 
1<) 

(3) 

(4) 

where each atom-atom interaction is described by a Morse 
function. It should be pointed out that despite the V.

2
- Ne, 

interaction is expressed as a sum of I-Ne pairwise interac
tions, Eq. (4), the Morse parameters of the I-Ne interaction 
have been fitted in order to reproduce experimental data 
corresponding to the triatomic 12'" Ne molecule.27 So, 
some three-body effect would be accounted for by this poten
tial. 

The Morse potential parameters used for the 1_1,28 1-
Ne,27 and Ne-Ne29 interactions are listed in Table I. 

III. RESULTS AND DISCUSSION 

A. Details of the calculations 

Hamilton equations were numerically solved by means 
of an Adams-Moulton integrator initiated by a fourth order 
Runge-Kutta-Gill integrator with a time step 
!::.t = 0.4 X 10 - 15 s. The greatest time used in the integration 
was taken depending on the number ofNe atoms n, Le., T max 

= 50X 10- 12 sin. (equivalent to 125 OOOln cycles ofinte
gration). For higher values of n than six, this maximum total 
time was found to be short for a large number of trajectories, 
and it was enlarged by lOX 10 - 12 s. The value chosen for 
Rmax was 9.0 A. With these parameters we obtain stable 
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TABLE I. Morse interaction parameters. 

I-I 
I-Ne 

Ne--Ne 

D(cm- I ) 

5168.72 
44.0 
29.36 

a(A -I) 

1.834 
1.9 
2.088 

3.0247 
4.36 
3.091 

values of the final magnitudes, being the conservation in to
tal energy of the order of 10 - II cm - I. 

For Me dissociation, the two additional conditions to 
be fulfilled by the atoms escaping (except by the first) are a 
bond distance larger than 8 A and a bond energy above the 
dissociation limit. 

All the calculations in this paper were carried out for the 
diatomic vibrational level v = 28. 

B. Coordination effect 

Taking as a starting point a set of previously calculated 
initial conditions, the Hamiltonian equations were integrat
ed for each cluster 12 ... N en being n = 1,9. The distributions 
of trajectories obtained were then fitted to the exponential 
law of decay Eq. ( I ). In Table II we present the total number 
of trajectories calculated, Nc;lc for each value of n. In the 
third column of this table we report the number oftrajector
ies actually used to carry out each linear fit NT" This is the 
number of trajectories that remains after applying a usual 
box quantization procedure, i.e., after removing those trajec
tories for which the 12 molecule has not lost at least one 
vibrational quantum. The correlation coefficients of the lin
ear fits are shown in the fourth column. From these coeffi
cients it can be assessed a good agreement with the assumed 
exponential law of decay, as well as the statistics ofthe distri
bution of trajectories is good enough. As was mentioned, 
several of the calculated initial conditions for 12 ... Ne9 are 
repulsive. The trajectories corresponding to these repulsive 
initial conditions dissociate so quickly that the iodine mole-

0.5 

0.3 

0.2 
o 2 6 8 

n 

FIG. 1. Halfwidth for VP vs the cluster size up to n = 8. Error bars (stan
dard deviations, are included). The value corresponding to n = 9, 
r(9) = 4.334 ± 1.107 em - I, is not displayed because it gets out of the fig
ure scale. 

cule has not enough time to transfer one vibrational quan
tum to some vdW bond. It, however, does not affect our final 
results for n = 9 because these trajectories have been re
moved by applying the box quantization procedure. Thus 
from 3891 trajectories calculated for n = 9, only 1585 re
main valid after box quantization. In order to improve the 
linear fit, some trajectories corresponding to the extreme 
points (very short time and very long time trajectories) were 
still removed leaving the final number of 1316 showed in 
Table II. 

Lifetimes 7 were obtained for each cluster from the 
above linear fits. The fifth column of Table II show them 
together with their corresponding standard deviations 
(SD),.. The lifetimes gradually decrease with increasing n 
up to n = 7. For n = 8 an increase of 7 is observed, becoming 
more stable than other sizes, 5<n<7, from the dissociation 
point of view. This behavior is not shown by 12 -Hen clus
ters-see Table IV of Ref. 23-where the lifetime monotoni
cally decreases with the size up to n = 8. Finally, a sharp 
decrease is found for n = 9. 

From lifetimes we calculated the associated halfwidths 
by means of Eq. (2), and they are displayed in Fig. I vs n. 

TABLE II. Different quantities depending on the cluster size n: (a) Total number of trajectories calculated. 
(b) Number of trajectories involved in the linear fits after quantization. (c) Correlation coefficients corre
sponding to each linear fit. (d) Lifetimes (picoseconds) including their standard deviations. (e) Estimated 
IVR times (picoseconds). (f) Percent of T ,VR in the lifetime T. (g) Percent of trajectories leading to mUltiple 
continuum (2Ne, 3Ne, etc.) fragmentation. (h) Percent of trajectories giving rise to diatomic Ne2 products. 

Correlation 
N<.!alc 

T NT coefficient T T1VR %IVR %MC %Ne2 

n (a) (b) (c) (d) (e) (f) (g) (h) 

1 1000 991 -0.998 9.02 ± 0.06 
2 1000 999 - 0.998 7.36 ± 0.07 2.85 39 3.7 1.1 
3 1000 997 - 0.994 6.70 ± 0.08 3.71 55 5.6 0.4 
4 1000 998 - 0.993 6.12 ± 0.08 3.87 63 6.5 0.9 
5 1000 1000 - 0.988 5.99 ± 0.09 4.19 70 7.4 0.5 
6 1000 997 - 0.987 5.72 ± 0.09 4.22 74 8.0 0.4 
7 1000 999 - 0.986 5.51 ± 0.09 4.22 77 9.5 0.9 
8 1000 996 - 0.993 6.08 ± 0.09 4.95 81 6.8 1.3 
9 3891 1316 - 0.946 0.61 ± 0.16 
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The value of the halfwidth for n = 9, r(9) = 4.335 ± 1.107 
em I has not been included in Fig. I since it gets out of the 
scale represented. The behavior of r (n) is, correspondingly 
to that of T, smoothly increasing up to n = 7 and decreasing 
from n = 7 to n = 8. The most relevant change in r(n) is 
observed, however, for n = 9, where a sharp increase occurs. 
Theerrorin r(9) (its standard deviation, ± 1.107 cm - I) is 
large, but not enough as to mask the abrupt jump from r (8), 
0.435 cm - I, to r (9),4.335 cm - I. This fact leads us to think 
of the existence of a first coordination shell for the Ne atoms 
about 12 , as in the case of 12 , •• Hen clusters. 23 That coordi
nation shell would contain eight rare gas atoms, arranged in 
equivalent sites in a plane perpendicular to 12 , The disagree
ment with the estimates of Kenny et al. '5 (b) -they found six 
Ne atoms in the first coordination shell-may be due to the 
Ne-Ne potential used throughout our calculations, which 
does not take into account the presence of 12, In this sense, 
we may think of an effective Ne-Ne interaction within the 
cluster showing an equilibrium distance larger than the con
sidered here, as has been pointed out for the Nez Clz clus
terY This would lead, at least from a "static" point of view, 
to a lower number of atoms in the first shell. 

C. Intramolecular vibrational relaxation mechanisms 

Another interesting result is related to the intramolecu
lar energy transfer that takes place in Iz .•. Nen clusters. We 
can see from Fig. 1 t4at the halfwidths are very low (up to 
n = 8), which means that the reaction of dissociation is very 
inefficient, being less and less efficient as n increases. This 
behavior was already found for Iz ... Hen clusters. Z3 

It may be explained in terms of IVR mechanisms 
between the different bonds of the clusters. Such intramole
ocular energy transfer mechanisms increase the lifetime of 
each cluster more and more as the cluster size grows, be
cause the number of modes available to store the initial ener
gy from 12 also increases. So with increasing n, statistical 
distribution of the initial energy is observed in our calcula
tions, being necessary the loss of more than one quantum 
(several ones for the clusters with high n) from the 12 
stretch. 

As in the precedent work on clusters containing He 
atoms,23 the incidence of the IVR mechanism on the disso
ciation process is estimated assuming additive IVR and "ex
pected" dissociation times yielding the calculated lifetimes. 
Indeed, in absence of direct interactions among the vdW 
modes, the expected lifetime of a cluster containing n Ne 
atoms would be nearly lin times the corresponding one to 
n = 1, the possible small difference arising from very ineffi
cient indirect couplings through the 12 molecule. However, 
the calculated size dependent lifetimes T(n) become much 
larger than the expected values for noninteracting vdW 
modes, T( 1 )/n. Therefore, the corresponding delay may be 
identified as the time expended by the system interchanging 
energy among vdW modes, i.e., the IVR time, 

T(n) = T(1)/n + T:~k. 
These estimates are reported in sixth column of Table II for 
n = 2-9, as well as the percent of T[VR in the total lifetime T 

(seventh column). 

This percent is, except for n = 2, greater than 50 and 
increases monotonically with the size of the cluster, showing 
a growth in the degree of statistical mechanisms during the 
predissociation process. However, and in spite of "a priort' 
expectations, this behavior is nearly the same already found 
in 12 Hen clusters23 -see Table V in Ref. 23, the IVR per
cents being slightly higher in the present case. Only for n = 9 
the deviation from the general behavior is now more evident 
and with the simple estimate currently used, T 1VR (9) would 
become negative. It indicates that dissociation occurs for 
this cluster even more efficiently than a linear behavior 
would predict. 

The effect of vibrational relaxation and energy redis
tribution can also be observed along the time evolution of the 
trajectories. As an example, in Fig. 2 we show the evolution 
of the stretching energies for a trajectory followed by a 
12 ' •• Ne3 cluster. Those energies are labeled Enc , E nc_x , , 

EBc-x2 , and E Bc-xJ . In Fig. 2(a), Enc vs time, the dashed 
line indicates the energy of the initial vibrational level, 
v = 28, of 12, During the first 0.3 ps, the 12 stretch looses 
-40 cm - I, as well as the BC-XI stretchs, which loose - 20 
cm - I each, giving all this energy to the BC-X2 stretch that 
becomes excited by -80 cm -I, see Figs. 2(b), 2(d), and 
2 (c). Clearer evidence of energy redistribution occurs about 
13 ps when the 12 stretch transfers - 100 cm - I to the 
BC-X, stretch, whose energy becomes positive by -70 
cm - I. However, this mode quickly relaxes giving energy to 
the BC-X2 bond, which finally breaks up. This constitutes 
an example of single dissociation process, the time evolution 
of the trajectory having been enlarged to determine that the 
BC-X2 bond was the dissociated one. 

D. Multiple continuum and Ne2 dissociation products 

Observation of multiple dissociation pathways, i.e., 
finding not only a single Ne atom, but also 2Ne, 3Ne, ... and 
Ne2 products, is another aspect denoting statistical nature of 
dissociation, as was already suggested by Hair et al. 22 These 
pathways have been observed to a relevant extent along our 
trajectory calculations. In Table II, again, we show the per
cent of trajectories for which we observed dissociation to two 
or more Ne atoms (eighth column), and to Ne2 products, 
from n = 2 to n = 8 (ninth column). Most of the MC disso
ciations yielded 2Ne products (double continuum dissocia
tion), but a number of trajectories dissociating to 3Ne prod
ucts was also observed. As regards the trajectories 
dissociating to Ne2 products, most of them followed the exit
ing channel 12 ••• Nen _ 2 + Ne2 , being also detected in some 
cases 12 ,' 'Nen _ 3 + Ne + Nez products. We can see from 
Table II that the number of Me trajectories increases with n 
up to n = 7, slightly decreasing for n = 8. This decrease may 
be related to the stability of this cluster size with respect to 
dissociation, as discussed above. Also, the fact that the lar
gest number of Ne2 products was found for n = 8, is very 
likely to be a consequence of the Ne-Ne atractive interac
tions that occur in the 12 ... Nes cluster. 

A pictorial view of a typical double continuum dissocia
tion can be obtained from Fig. 3. In that figure we show the 
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FIG. 2. Time evolution of stretching energies corresponding to the different 
bonds for a I2-Ne3 cluster. (a) 12 bond; (b), (c), and (d), I2 -Ne bonds. 
Dashed line in (a) denotes the initial energy stored in the iodine molecule. 
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FIG. 3. The same as Fig. 2 for a 12 ... Nez cluster. This figure shows a double 
continuum dissociation (12 .•. Nez - 12 + 2Ne) about 8 ps. 

energy evolution with time of the 12 and the two vdW 
stretchs for a trajectory corresponding to a 12 ... Ne2 cluster. 
It is clearly observed that by about 8 ps the 12 stretch de
excitates causing the simultaneous breaking up of the vdW 
bonds. The cluster completely dissociates, in this case, to 
12 + Ne + Ne products. 

The fact of observing Ne2 dissociation products is a con
sequence of the strong coupling between the vdW bonds. 
Figure 4 displays an example of trajectory along which the 
reaction of dissociation 12 ... Ne2 ..... 12 + Ne2 takes place. In 
Figs. 4(a)-4(c) the energy evolution with time of the three 
stretchs involved is represented, and Fig. 4(d) shows the 

J. Chern. Phys., Vol. 94, No. 12, 15 June 1991 



Garcia-Vela, Villarreal, and Delgado-Barrio: Dissociation dynamics of 12 .. ·Nen 7873 

..!ODO j 

'!no l 
0.0 

(a) 

50

1 
=- I fa IOj -

I ~ • 
I'. : . 

-70~: ''''1\. 
1 \Nj Hi 
I 

-110 [ 

(b) 

N 
X 

:;; 

0,0 !l.0 

:.J -10 

(e) 

---1 
: ~ "'" 

~: : 
'v: 

~---------------

9~ 12.0 

time (ps) 

--- ---------

. II· 

;,,[V\ 

6.0 

.. 

9.0 --~ liO 
tim" (ps) 

'\J'v~ 

8.0 12.0 
time (ps) 

FIG. 4. The same as Fig. 2 fora I,·· 'Ne, cluster. In Fig. (d) the evolutions 
of the Ne-Ne distance is pursued. This evolution from 6 ps shows that a 
dissociation to 12 + Ne2 products takes place. 

variation of the Ne-Ne interatomic distance (R XI _ x, ) along 
the trajectory. About 5 ps the first vdW bond (the BC-X2 
one) dissociates and by about 6 ps later the other vdW bond 
does. From that moment the two Ne atoms escape together 
forming a diatomic unit, as reflected by the oscillations of 
R XI _ x, that correspond to a diatomic bond. The time evolu
tion of this trajectory was enlarged for the sake of showing 
several R XI _ x, oscillations . 

IV. CONCLUDING REMARKS 

The dynamics ofI2 ... Nen clusters, n = 1-9, have been 
studied in this work by means of a QCT approach. Lifetimes 
and halfwidths for VP were calculated for all of the clusters. 
The behavior of the half width vs n, gradually increasing up 
to n = 7, then decreasing for n = 8 and finally showing a 
sharp increase for n = 9, brings us to think of the existence of 
a first coordination shell for Ne atoms about 12, This coordi
nation shell would contain eight equivalent Ne atoms, being 
n = 8 a possible magic cluster size. 

From our calculations, this conclusion results more pat
ent for Ne than He23 containing clusters. However, there is a 
disagreement with the experimental data, for which a six
atom coordination shell fits better with a band shift rule.IS(b) 
This discrepancy could be partially avoided by taking into 
account that the eqUilibrium Ne-Ne distance becomes larg
er within the complexes with 12 than in the isolated diatomic 
molecule, an experimental fact already found in the Ne2 Cl2 
complex.22 

On the other hand, the reaction of dissociation is ob
served to be less and less efficient as the cluster size grows, 
due to a intense energy transfer between the different modes. 
This behavior indicates that statistical nature dissociation 
mechanisms occur for this cluster size range. Observing al
ternative dissociation pathways, such as dissociation to 2Ne, 
3Ne, ... , and Ne2 products, in addition to single Ne dissocia
tion, is another criterion showing the statistical nature of the 
reaction in these clusters. 

As regards to the efficiency of these different reaction 
channels, the single dissociation accounts for more than 
90%, with the exception of 12 -Ne7 , followed by multiple 
continuum dissociations and, finally, by those fragmenta
tions involving Ne2 products with an incidence.:;; 1 %. 

The model proposed in the present work assumes a near 
equilibrium geometry, that leaves some vdW bending modes 
(the ones outward the plane perpendicular to the 12 axis) 
fixed at their eqUilibrium positions. Including such modes in 
the dynamical study of these clusters may also have the effect 
of changing the number of atoms in the coordination shell. 
Further work on this line would be both valuable and inter
esting, as well as extending the calculations to clusters with 
other different diatomic molecules than 12 . 
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