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The unimolecular dissociation dynamics of aluminum clusters following collision with either a rare gas atom
or a surface is investigated by classical trajectory simulations with model potentials. Two conformegs of Al
with very distinct shapes, i.e., the spheri€aland planalCy, clusters, are considered in this work. The initial
vibrational energy and angular momentum distributions resulting from collision, as well as the energy and
angular momentum resolved lifetime distributions, of excited clusters were determined for both collision-
induced dissociation (CID) and surface-induced dissociation (SID) processes. The partitioning of excitation
energy acquired upon collision was found to depend on the excitation mechanism (CID or SID), as well as
on the cluster molecular shape, especially in the case of CID. For both types of processes, the energy and
angular momentum resolved excited cluster lifetime distributions were found to decay exponentially, in
agreement with statistical theories of chemical reactions, suggesting intrinsie RacespergerKasset-

Marcus (RRKM) behavior. Moreover, the simulated microcanonical rate constants determined from the cluster
lifetime distributions are in good agreement with the predictions of the orbiting transition state model of
phase space theory (OTS/PST), which further supports the statistical character of cluster CID and SID. Thus,
in the CID and SID of highly fluxional systems such as aluminum clusters, the rate of intramolecular vibrational
energy redistribution (IVR) is much faster than the dissociation rate, which validates one of the key assumptions,
i.e., post-collision statistical behavior, underlying the models that are routinely used to determine cluster
binding energies from experimental CID/SID cross sections.

I. Introduction redistributed statistically among these modes. Statistical theories
of chemical reaction$;14 which assume that the average time
for this intramolecular vibrational energy redistribution (IVR)
is much shorter than the average time for dissociation, then turn
out to be extremely powerful in predicting and rationalizing

Clusters have been the focus of a tremendous number of
theoretical and experimental studies.On one hand, weakly
bound atomic or molecular clusters can be viewed as “finite-

size pieces of condensed mattérand investigating their kinetics and dynamical observables such as rate constants and

roperties may help gain insight into microsolvation effects. o ) .
gn?he other hyand pm%re stror?gly bound atomic clusters Suchproduc’t energy distributions. For instance, IVR is usually fast

. ) o . .~ in molecules constituted of atoms linked by covalent bonds,
as semiconductors or metallic ones, exhibit a wide range of size even thouah a few examples of nonstatistical behavior have been
and shape-dependent chemical propefifeshich motivates reported ir?the Iiteratur%f‘*qf*ln contrast, if the coupling between
in part the huge current interest in nanotechnologies. Moreover, P ) ' piing

these clusters have been employed as models for surfaces, foPhe various modes of a chemical species is very weak, IVR may

instance to investigate heterogeneous catalysis. More generally,nOt take place before dissociation, the dynamics is nonstatistical

cluster studies may help understand how chemical propertiesand strongly qlependent on the excitation process. This behavior
evolve from the gas to the condensed phase©f particular hgs been ew_dt_enced experimentally for some weakly bound
interest is the dissociation of cluster materials induced by dimers containing one chromophore molectielhe chro-
collisions with surfaces or rare gas atoms, as they provide insightMoPhore can be vibrationally excited by photon absorption over
into the stability of such species. the dimer dissociation threshold, and energy transfer to the
The dynamics of cluster dissociation is expected to exhibit mtermoleculqr van der Waalg modgs upon 'chromophore vibra-
very different patterns, depending on the nature of the interac- tional relaxation promotes dimer dissociation. Rate constants
tions between the atoms or molecules constituting the cluster.for such phenomenon, known as vibrational predissociafich,

When a chemical species is vibrationally excited, if the coupling &€ h_|gh|;|/ dependent oln ﬂl‘e chromopholre initial _exc'tid
between the internal degrees of freedom is strong enough, ener(‘;))”brat'ona state. For molecular or atomic clusters, given the

flows freely between the various vibrational modes and is thus Wide range of interactions that exist, depending on the nature
of the cluster constituents and the total chargan a priori

* Part of the special issue “William Hase Festschrift”. prediction of the dynamical behavior is not straightforward.
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typical collision-induced and surface-induced dissociation ex- The Al, potential function, fitted to ab initio electronic
periments (CID and SID, respectively), the cluster dissociation structure calculation®' is a sum of two body Lennard-Jones
cross section is measured as a function of the collision energy(L-J) potentials
and fitted to an empirical la®22 However, the finite-lifetime
observation window may be comparable to the time scale for V. = A + B 1)
cluster dissociation and responsible for a “kinetic shift” of the ! rij12 rij6
observed threshold. For instance, in this case, the energy-
dependent expression for the CID cross section must beand three-body AxilroeTeller (A—T) potential§>
corrected for the cluster finite lifetim®@, 2> which is usually
estimated by statistical theories such as phase space theory (PST) Ve = Cl + 3 COSgy COSQy; COSOY; @
or Rice-RamspergerKassel-Marcus (RRKM) theory* Simi- ik (TN

. . . .- e .- . ij' k" ki
larly, experimental cluster photodissociation lifetime distribu-
tions can be fit to a statistical rate theory expression to extract with parametersA = 2 975343.77 kcal & mol %, B =
the cluster binding energy as the activation energy for dissocia- —17 765.823 kcal Amol~1, andC = 81 286.093 kcal mott.
tion.?6:27 Another experimental approach consists of analyzing In eq 21, Tjk Nd, and aik, oy, o are the sides and angles,
the product translational energies, which can be related to therespectively, of the triangle formed by three atoimis andk.
cluster binding energy with the help of approximate statistical The relative merits of this model potential have been discussed
models?®~32 In all experiments, clusters are assumed to dis- elsewheré85° We note, however, that the model potential
sociate statistically. Thus, it appears necessary to test thispredicts energetics and minimum energy structures of small
assumption, which motivates the present work on aluminum clusters in good agreement with ab initio calculatiéhas Al,

clusters. _ clusters are very fluxional molecules, i.e., they are characterized
In the last two dgcades, charged or neutral alumlnum clusterspy a large number of minimum energy structures of comparable
have been the subject of a large number of experimé&ritaf’ stability, with barriers for isomerization much lower than the

and theoreticaf~>* studies, aiming mainly at determining their  dissociation thresholé, simulations are performed for two
structural properties and fragmentation pathways. Theoretical conformers of different compacity (withy, andCy, symmetry)
investigations of their dissociation dynanfit$” and of energy  to infer the influence of cluster shape in CID/SID dynamics.
transfer in CID process&have recently been reported. For  The structural properties and dissociation energies ofGhe
instance, ensembles of Aand Aks, sampled from an ap-  andCy, clusters are listed in Table 1.

proximate microcanonical distribution, i.e., with energy ran-  For CID simulations, the interaction potential between the
domly distributed over all cluster vibrational modes, were shown colliding argon (Ar) atom and each Al atom is given by the

to dissociate statistical§.%° Furthermore, the energf) and two-body term
total angular momentumJ) resolved anharmonic dissociation
rate constant®, as well as the product energy partitionitfg, _a_b —dr;
. o " - V=—+—+4ce 3)
predicted within the framework of the orbiting transition state/ 12 %

phase space theory (OTS/PST§ were found to be in very
good agreement with the results of classical trajectory simula- wherer is the distance between the Ar and Al atoms. The
tions. These findings suggest that the dissociation ptiisters parameters = 5212.132 kcal A2 mol~%, b = 884.959 kcal &
is intrinsically RRKM, and that there is no bottleneck to energy mol™?, ¢ = 10 421.443 kcal mof, andd = 2.753 02 Alwere
transfer between vibrational modes. On the other hand, the initial Simply fitted to high level ab initio calculatior?8. For SID
energy distribution in clusters excited by collisions with surfaces Simulations, we employ a simple hard surface model, where
or rare gas atoms may be far from being microcanonical. The atomic velocities in the direction normal to the surface are
goal of this work is to investigate the unimolecular dissociation reversed upon impa€t.Moreover, only normal collisions are
of clusters excited by collision and characterize IVR. To considered, i.e., the initial cluster center-of-mass velocity is
investigate the possible dependence of IVR on the excitation always set orthogonal to the surface. The influence of the
mechanism, we simulated the dissociation af dlisters excited ~ incidence angle will be studied in future work.
by both collisions with an argon (Ar) atom and with a rigid In all simulations, the collisional energy is set to 120.8 kcal
surface. Classical trajectory simulations were performed and themol™*, which corresponds to the experimental collision energy
energy and total angular momentum resolved distributions of of 5.24 eV *3and clusters are initially randomly oriented with
excited cluster lifetimes were determined, leading to simulated respect to the surface or the colliding atom. For CID, the initial
microcanonical dissociation rate constants. These results werecluster-atom distance is set to 50 A, and the impact parameter
then compared to those obtained with an accurate statisticalb is randomly selected between 0 and the maximum viahde
theory. which is chosen as 3.5 and 5.5 A for tBg and Cy, clusters,
The outline of this article is as follows. The simulation respectively, on the basis of previous wéfkor SID, the initial
procedure and statistical theory expressions are briefly reviewedcluster-surface distance is also set to 50 A. The clusters are
in section Il. The results of simulations and statistical rate given an amount of energiRT/2 along each of the principal
theories are then presented and discussed in section lll.axes of rotation, with a rotational temperature of 138 K, to be

Conclusions follow in section V. consistent with previous theoretical and experimental stud-
) ies#1.4357The effect of zero-point energy on the unimolecular
Il. Computational Procedure and Theory dissociation dynamics was previously found to be negligible,

A. Classical Trajectory Simulations. Classical trajectory so that no vibrational energy is initially added to the cluster,
simulations of A§ collision- and surface-induced dissociation and all vibrational energy is thus acquired upon collision with
were performed with the general chemical dynamics computer the surface or the colliding atom. All clusters acquiring a
program VENUS* The Al, potential energy function and the vibrational energy above the dissociation threshold are likely
simulation methodology are the same as in previous Woi¥, to dissociate, and such trajectories are integrated for 500 ps after
and are only briefly reviewed here for completeness. collision. Because of the weak rotatiemibration coupling,
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TABLE 1: Cluster Structures and Dissociation Thresholds

Larregaray and Peslherbe

Oy, Con
r2=2.83 A =272 A
dissociation channel Alg— Als + Al Alg— Al+ Al Als — Al AL
Eo (Oy) keal.mol™ 38.8 55.4 57.8
E¢(Cap) keal.mol™ 43.8 60.4 63.8

a Average nearest neighbor equilibrium distanftt&hreshold for dissociation on the potential energy surface of eqs 1 and 2.

clusters acquiring a total internal energy greater than the
dissociation threshold, but with vibrational energy lower than

threshold, are not likely to dissociate within this lapse of time

and trajectories corresponding to this situation are thus not
propagated any longer. The excited cluster lifetime is estimated
as the time between impact with the colliding atom or the surface
and the time at the last turning point in the relative motion of

the products’ center of mass. In SID simulations, multiple

collisions generally occur and the impact time, i.e., the time

reference for cluster dissociation, is the time of the last collision
between any cluster atom and the surface.

B. Statistical Theory. For unimolecular statistical processes,
the evolution of the normalized reactant population as a function
of time (i.e., lifetime distribution) follows a first-order dissocia-
tion rate law, i.e.

NE,J(t) —a k(E,It
NE,J(O)

where Ng; (0) is the initial number of reactant species with
total energyE and angular momentud) Ng s(t) the number of
remaining undissociated species at timeand k(E,J) is the
microcanonical unimolecular rate constant.

The microcanonical unimolecular rate consti(ft,J) can be
calculated within the framework of transition state theory
(TST)Y 14 as

Pe ot) = 4)

L'N¥(E,J)

K(E,J) = PoED

®)

whereh is Planck’s constanty#(E,J) is the sum of states at the
transition statel* is the reaction channel statistical factor (or
degeneracy), and(E,J) is the density of states of the reactant
molecule. All existing statistical theories of chemical reactions
simply differ in the way these quantities are evaluatétior
aluminum cluster unimolecular dissociation, orbiting transition

TABLE 2: Dissociation Pathway Partitioning?

dissociation
channel: As— Als + Al Alg— Als+ Al,  Alg— Alz+Al3
CID On 97.9 1.8 0.3
Con 97 2.6 0.4
SID On 91 7 2
Con 88 10 2

a9 of reactive dissociation occurring within 500 ps.

TABLE 3: Types of Dissociation Event$

direct dissociation within dissociation after
dissociation 500 ps 500 ps
CID Oy 13 47 40
Con 14 46 40
SID Oy 6 75 19
Cox 5 74 21

a9 of reactive dissociation.

of states for both reactants and products (the latter is required
to compute the transition state number of states) have been
evaluated in previous wofR As stated earlier, OTS/PST
microcanonical rate constants and those calculated from CID/
SID classical trajectory simulations are expected to agree only
if IVR is so fast with respect to the average time for dissociation
that the phase space state distribution is approximately micro-
canonical immediately following excitation, in this case, col-
lision with a surface or rare gas atom.

IIl. Results and Discussion

The dissociation pathway partitioning (monomer, dimer, and
trimer formation) is presented in Table 2 for both CID and SID.
In all simulations, the monomer evaporation channel, which is
energetically more favorable, is not surprisingly the main
dissociation pathway for bot®, andC,, conformers regardless
of the mechanism of excitation. Thus, in the following, we
mainly focus on this dissociation channel. Furthermore, in both

state/phase space theory (OTS/PST), which is an improvedCID and SID processes, a significant fraction of clusters were

version of PST* in which the transition state is located at the
top of the centrifugal barrier along the reaction coordiffaf8
instead of lying at the product asymptotic limit, was found to
predict microcanonical rate constants in good agreement with
those obtained from simulatiofi3.

Because of the fluxional nature of Adlusters, anharmonicity
significantly affects the reactant density of stgi€s,J) and the
transition state number of state§(E,J).5> Anharmonic densities

found to dissociate instantaneously upon collision; i.e., the
evaporating atoms are not involved in a single vibrational motion
before dissociating (cf. Table 3). These events are called “direct
dissociation” in the following.

A. Alg Vibrational Energy and Angular Momentum
Distributions. The distributions of vibrational energy acquired
by the Ak cluster upon collision in the CID process are
displayed in Figure 1. The vibrational energy distributions are
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Figure 1. CID vibrational energy distributions for reactive @) and (b)Ca Alg clusters: all reactive clusters (solid line), clusters dissociating
within 500 ps (dashed line), clusters dissociating after 500 ps (dotted-dashed line), clusters dissociating directly (dotted solid linegdreResults
based on 40 000 trajectories dissociating within 500 ps.
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Figure 2. CID angular momentum distributions for reactive @&)and (b)Cz Al clusters: all reactive clusters (solid line), clusters dissociating
within 500 ps (dashed line), clusters dissociating after 500 ps (dotted-dashed line), clusters dissociating directly (dotted solid lineggreResults
based on 40 000 trajectories dissociating within 500 ps.
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given for all reactive clusters, i.e., for clusters with an initial
vibrational energy greater than threshold (solid line), all the
excited clusters dissociating within 500 ps (dashed line), all those
eventually dissociating after 500 ps, i.e., with an energy greater
than threshold but not dissociative on the simulation time scale
(dotted dashed line) and those involving “direct” dissociation
(solid dotted line). The proportion of each type of event is given
in Table 3. The distributions are normalized so that the area
under the distribution curve is the same for all reactive events
in all plots.

The initial vibrational energy distributions exhibit similar
features for bottOn and Cyp, cluster CID. A large fraction of
collisions do not transfer enough energy to the cluster to allow
dissociation within 500 ps. This trend is more pronounced in Figyre 3. CID opacity functions for direct cluster dissociation ofAl
the case of thé@y cluster. For both conformers, a large fraction Oy clusters (solid line) an@:n clusters (dashed line). Results are based
of clusters with an excess vibrational energy between 20 andon 40 000 trajectories dissociating within 500 ps.

50 kcal mol! above threshold dissociate within 500 ps. For

larger excitation energies, the amount of direct dissociation energy (i.e. larger than 70 kcal/mol above threshold)Gar
becomes significant. We note that the fraction of clusters excited conformers than foOr, ones.

with an energy close to threshold is larger in the case of the Figure 2 displays the Alcluster total angular momentum
Caon conformer than in the case of ti@ one. As a result, the  distributions following collisional excitation. Rotational excita-
average vibrational energies in excess of threshold are aboution is obviously much more significant in the case of @g

29 and 24.5 kcal mol for the O, and Ca conformers, cluster. The average angular momentum quantum numbers are
respectively. This corresponds to roughly the same average~x290 and~580 for theOy, and C,, conformers, respectively.
vibrational energy with respect to theggjround-state minimum  These trends are similar to those previously obséfaud can
configuration. Thus, the average energies transferred to vibrationbe intuitively understood on the basis of the shape of the two
upon collision are nearly identical for both clusters, although conformers. The less compagi, conformer (6.8 A long vs 4
the distributions of energy are slightly different. For instance, A for the O, one) is naturally expected to involve collisions at
a much smaller fraction of clusters acquire very high vibrational larger impact parameters, for which a significant part of the

P(b)

b (A)
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Figure 4. SID vibrational energy distributions for reactive @) and (b)Ca, Al clusters: all reactive clusters (solid line), clusters dissociating
within 500 ps (dashed line), clusters dissociating after 500 ps (dotted-dashed line), clusters dissociating directly (dotted solid linggreResults
based on 40 000 trajectories dissociating within 500 ps.
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Figure 5. SID angular momentum distributions for reactive @y)and (b)Cz, Al clusters: all reactive clusters (solid line), clusters dissociating

within 500 ps (dashed line), clusters dissociating after 500 ps (dotted-dashed line), clusters dissociating directly (dotted solid linggreResults
based on 40 000 trajectories dissociating within 500 ps.

Ar-cluster relative energy is transferred to the rotational degrees
of freedom.

Opacity functions, i.e., dissociation probabilities as a function
of impact parameter, are plotted in Figure 3 for “direct” cluster
dissociation. The opacity functions peak at 1.7 and 2.9 A for
the Oy, and Cyy, clusters, respectively, which correspond to a
distance slightly less than the distance between the cluster center
of mass and the most outerlying atoms of the cluster, i.e., 2
and 3.5 A, respectively. Hence, these events correspond mainly
to collisions of the Ar atom with an outerlying Al atom, far , . , , ,
from the cluster center of mass, which is ejected from the cluster 60 70 80 0 100 110
upon collision. E,, (kcal.mol™)

For the SID process, the initial vibrational energy and angular Figure 6. CID vibrational energy distributions for reactive trajectories
momentum distributions are plotted in Figures 4 and 5, upon normal collision, i.e., zero impact parameter for @ecluster.
respectively. The average excess vibrational energies acquired
upon impact are 52.2 and 45.2 kcal mbfor the Op and Czp, These features are all consistent with the intuitive picture
conformers, respectively. These energies are larger and thewhere collision with a surface excites many vibrational modes
distributions narrower than in the case of CID. For SID, the atonce and is unlikely to result in direct ejection of an outerlying
average energy transferred to vibration upon collision is almost atom of the cluster, at least for normal collisions. For SID, the
identical with respect to the Alground-state minimum con- initial cluster conformer shape only slightly affects how the
figuration, but unlike for CID, the distributions of energy are excitation energy is distributed among the various degrees of
very similar for both conformers. We note that, because of the freedom upon collision (cf. Figures 3 and 4), whereas this effect
higher excitation energy, the proportion of dimer and trimer is more pronounced in the case of CID (cf. Figures 1 and 2).
product formation is more significant for SID than for CID (cf. Therefore, the excitation mechanism appears to have a strong
Table 2). Rotational excitations are similar for both conformers influence on the way the excitation energy is distributed among
and much less significant than in the case of CID, with average the vibrational and rotational degrees of freedom. The differ-
angular momentum quantum numbers of 170 and 20@fpr  ences observed in the excitation energy distributions for CID
andCy;, clusters, respectively. Finally, for SID, the fraction of and SID are mainly due to the different impact parameter
clusters dissociating via “direct” dissociation is much lower than distributions involved in both processes. As an illustration, the
that for CID. CID vibrational energy distribution at zero impact parameter,

P(E,)
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Figure 7. Logarithmic plot of the Ad excited cluster normalized population as a function of time for the CIDyfupper panels) an@., (lower
panels) clusters at select&g andJ values. Dots represent the results of simulations and the solid line the fit to eq 4 yielding the microcanonical
rate constant indicated on each plot. The correlation coefficient resulting from thiéfis also given.
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Figure 8. Logarithmic plot of the A4 excited cluster normalized population as a function of time for the SIDydiupper panels) an@;, (lower
panels) clusters at selectég andJ values. Dots represent the results of simulation and the solid line the fit to eq 4 yielding the microcanonical
rate constant indicated on each plot. The correlation coefficient resulting from thiél i also given.

i.e., for normal collisions, which is shown in Figure 6 for the colder than in CID because of the hindrance of the whole cluster
On cluster, is very similar to its SID counterpart (Figure 4). rotational motion by the surface.

Nevertheless, even for non-normal collisions, the SID rotational B. Cluster Lifetimes and (E, J) Resolved Unimolecular
state distribution of excited clusters is expected to be much Rate Constants.The population of excited clusters with a given
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TABLE 4: Simulated and OTS/PST Rate Constant3 rotational energy is not too large with respect to the total energy.
Keimul Indeed, the only discrepancies are found for low vibrational and
b . — == high rotational excitation energied ¢ 200 for CID, cf. Table
B/ E J cIb - SID korsst 4). This is most likely due to our approximate treatment of
60 11 On (foo o 38.8 kcg'!l“df ) 06 rotational energy levels in the statistical moBfeNevertheless,
aa 200 0.6 14 the overall agreement between the simulation results and the
9.9 300 1.4 5 predictions of the statistical model is very satisfactory.
17.6 400 3 29 The exponential decay of the excited cluster population
70 11 100 8 8 9 lifetime distribution shows that, for both CID and SID, the
g:g %88 1? 1% % dissociatio_n mechanism is intrinsically RRK¥ This suggests
17.6 400 16 149 that there is no bottleneck for energy redistribution among the
275 500 22 305 vibrational modes in the reactant phase space so that, in a very
80 11 100 43 30 66 short time after collision compared to the average time for
g-g 588 gé ‘3”‘3‘ 1% dissociation, the distribution of the reactant phase space states
176 200 63 58 353 is microcanonical. Regardless of the excitation mechanism, IVR
90 11 100 91 115 184 can be considered instantaneous in both CID and SID, validating
4.4 200 121 117 232 the use of statistical models to interpret experimental results.
9.9 300 134 342
100 171'.? i%% 221 128351 539510 IV. Summary and Concluding Remarks
3:3 388 g;:rl’ ggg The present work aimed at exploring the dynamics of
110 11 100 401 553 aIumlnum cluster_ coII|_S|o_n-|nduced dlssom_atlon _(CII_D) and
4.4 200 466 675 surface-induced dissociation (SID). The main motivation was
Con (Eo = 43.8 kcal mot?) to investigate, by theoretical met_hods and si_mL_JIations, whether
70 9.9 300 6 17 the generally accepted assumption of a statistical behavior was
17.6 400 6 74 valid for such processes. The dynamics of dissociation was
27.5 500 1 3 followed in time by classical trajectory simulations after collision
75 3%(13 ?88 18 7 108 with either an Ar atom or a model sur_fac_e. T_he initial vit_)rational
a4 200 8 17 energy and angular momentum distributions resulting from
80 9.9 300 24 101 collision, as well as the energy and angular momentum resolved
17.6 400 29 248 lifetime distributions, of excited clusters were determined for
27.5 500 39 605 both processes.
85 1.1 100 32 66 . . . .
a4 200 33 97 The partitioning of excitation energy acquired upon collision
95 1.1 100 133 184 was found to depend on the excitation mechanism (CID or SID),
44 200 120 232 as well as on the cluster molecular shape, especially in the case
9.9 300 147 342 of CID, but shared similar features. For both types of processes,
105 j'j zlc?g 2274;1 3?539 the energy and angular momentum resolved excited cluster
9.9 300 282 569 lifetime distributions were found to decay exponentially, in
115 1.1 100 429 553 agreement with statistical theories of chemical reactions, sug-
4.4 200 442 675 gesting intrinsic RRKM behavior. Moreover, the simulated
2 Energies in kcal mof and rate constants in s ® With respect micr_oca_nonical rate constants determined _from the Ii_fet_ime
to the minimum structure energyRotational energy. distribution decay are in good agreement with the predictions
of the OTS/PST model, which further proves the statistical
vibrational energyEy and total angular momentund (or character of the cluster CID and SID. We thus conclude that,

equivalently total energg andJ), was monitored as a function ~ for the Alg cluster CID and SID considered here, the rate of
of time for both conformers and both excitation processes. In IVR is much faster than the dissociation rate, whatever the
all cases, the simulated cluster population was found to decreaseexcitation mechanism.

exponentially, and unimolecular rate constants were evaluated However, though it appears valid to treat the dissociation step
by fitting the normalized cluster population decay with eq 4. as a statistical process, the models used to determine cluster
As the distribution of internal energy acquired upon collision binding energies from experimental CID/SID cross sections
cannot be controlled in simulations, a very large number of employ approximate internal energy distributions resulting from
trajectories was necessary to obtal (J) resolved cluster  collision. For instance, as mentioned in the Appendix of ref
populations and rate constants over a wide range of excitation69, the energy transferred to clusters in CID experiments is
energies and angular momenta, i.e., 40 000 trajectories dis-estimated through an empirically modified version of the line-
sociating within 500 ps for each process and conformer were of-center (LOC) model® which allows an analytical derivation
necessary to obtain converged results. Obviously, the range ofof the CID cross section. This model implicitly assumes a
excitation energies and angular momenta is imposed by thespherical shape for the cluster. As shown in this work, the cluster
partitioning of energy resulting from the excitation mechanism shape might significantly influence the collision-induced dis-
(cf. Figures 1 and 2 and Figures 4 and 5). Figures 7 and 8 displaytribution of internal energy, and accordingly, the development
typical (E, J) resolved excited cluster population decays, from of simple models that accurately predict energy transfer upon
which microcanonical rate constants are evaluated. Comparisoncollision appears of prime importance.

is made between simulated,(J) rate constants and the
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