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ABSTRACT

Wave packet calculations modeling vibrational pv_i=mciaflon in X2BC(v3 van der Waals clustersare discussed. A
model involving three active degrees of freedom is used. Cluster lifetimes and BC vibrationalproduct distributionsare
obtained,and comparedwith available experimentalresultsfor He2CI2, and Ne2CI2. Some preliminaryresults forHe212
and Ne212 are also disc_ Mechanistic issues, including the role of direct versus sequentialmechanisms in leading to
the production of 2X + BC are addressed, as well as the role of intramoleculat vibrational relaxation (IVR). Higher
dimension extensionsof the model are suggested.

1. INTRODUCTION

The spectroscopy and dynamics of XBC van der Waals (vdW) complexes, where X is a noble gas atom and BC
denotes a halogenmolecule, have been extensively studied experimentallywith the aidof supersonicjets and modem laser
technology.I-7 Often pairwise interactions are an adequatedescription of the potential energy, and relatively few BC
internalvibrationalstates are involved in the dynamics. Therefore reasonableempirical potential surfaces can be devised,
and accurate quantumdynamics calculations can be performed. It is extremely rarein chemistry for this to be the case[
Thus XBC systems offer unique opportunitiesfor comparisonof theory and experiment,and forstud.yingcertaindynamical
effects, such as interference effects,2,3,5and the role of intramolecularvibrational relaxation (IVR)._,°,_ Such effects are
importantin dynamics of covalently bonded systems, but areoften difficult to isolateor studyin any unambiguousmanner.
The largervdW clusters XnBC, with n > 1, have also beenof interest.8-18 Even for small n, the XnBC systems canoffer

a much richer dynamics than XBC systems. Unfortunately, theoretical calculations become si8_cantly more difficult
when four or more atoms are involved. In _ paper I review recent wave packet calculationst thal model vibrational
predissociationof the n = 2 clusters,

X2BC(v9 --> 2X + BC(vF < v3 , (1)

corresponding to He2C12and Ne2C12, and also present some preliminaryresults for He212and Ne212. The theoretical
results are contrasted with available experimental results. 8"11'17 Experiments typically involve creation of ground
electronic and vibrationalstate complexes in a supersonic jet and optical laser excitation to "pump" an electronically
excited state (the "B"state). The pump frequency is chosen such that X2BC on the B state has, effectively, v' quantaof
excitation in BC, and zero-point energy in the vdW modes. The fragmentation dynamics is determined exclusively by
motion on the B state, although it is common to probe this dynamics via absorption and or emission to other electronic
states. Early experimental work relied on spontaneous emission,$,9 whereas more recent work10.11.17 has employed
stimulated emission and absorption via applicationof a second "probe" laser pulse. Real-time experiments, wherein
pump-probetechniques areused to mapout productpopulationsas a functionof time have also been performed on some
XBC andX2BC systems.4'17

It is worthwhile to outline dynamical issues that arise in the XnBC systems of interest. The initial vibrational
excitations v' in BC are usually sufficiently large, and the dynamics is generally dominatedby relatively small vibrational
quantumnumberdifferences v' - vi:. This means thatno appreciableamounts of X + XBC(v) productscan occur, because
the triatomic complexes XBC(v) are all metastable and eventually decay to X + BC. It is possible to form X2 + BC
products, although experimental and theoretical evidence suggest that this channel is not extremely important. Levi's
group has carried out pioneering work8'9 on the He212 and Ne'212 systems, among many others. In the case of
He212(v'=22), the _ = v'-I productchannel is most Likelyopen, i.e. the energy difference between v' and v'-I BC
vibrationalsta_s is greaterthan the energy requiredto expel both He atoms, but the primaryI2productsobservedare in vF

=v'.2.Thisandother ence led Levi and co-workers to suggestthatasequentialmechanismI h.
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X2BC(v3 "-->X + XBC(v'-I) --> 2X + BC(v'-2) (2)

is operative, and that them is little correlationbetween departureof each X - He atom. They observeda different situation
for Ne212(v'=21or 22), with significantamounts of v'-3 productbeing present in addition to v'-2products. (The vF- v'-I
channel is closed for Ne212at these levels of v' excitation.) This suggested a more complex dynamicsoccurswith Ne212,
with more correlation between the two Ne atoms. Recent real-time experiments from Zewairs group17 have in fact
suggested that IVR effects may be present in Ne212, e.g. that certain internallyexcited intermediatesmay have to be
invoked to fully understandthe dynamics. Janda'sgrouphas carriedout experimentalstudies10.11on He2CI2 andNe2CI2.
It was shown that He2CI2 is extremely floppy and perhapsalready in a kind of "quantumliquid" limit. Some aspects of
the He2CI2 vibrationalpredissociation dynamics were also revealed: as with the earlierHe212work, almost ali the BC
productscorrespondedto vF = v'- 2, consistent with a sequentialfragmentationmechanism in the excitationrange8 < v' <_
13 studied. A similar excitationrange was studied in Ne2CI2,and for the lower v'excitations both v' 1 and v'-2 products
were observed, consistent with competition between direct and sequentialmechanisms. As v' increases, the v'-1 channel
closes, and only ¢-2 productsareseen. These results againpointto X = Ne systems being moredynamically complex than
the X = He case, although in Ne2CI2, at least for the v'excitationsexamined, therewere no signs of IVR effects.

Section 2 below presents the theoretical model andcomputationaldetails. Sec. 3 discusses resultsobtained by Le Quere
andGray18forHe2CI2and Ne2CI2, and Sec. 4 presentspreliminaryresultsforHe212and Ne212. See. 5 summarizes.

2. THE MODEL AND COMPUTATIONAL DETAILS

2.1 A three degrees of freedom model

It is not practical, for the cases of interest here, to carryout full dimensional wave packet calculations. Instead, a
reduced dimension model involving three degrees of freedom is employed, as schematically outlined in Fig. 1. The active
degrees of freedomare R1 = distance of one noble gas atom to the centerof mass of BC, R2 = distanceof the other noble
gas atom to the center of mass of BC, and r, the BC internucleardistance. The X atoms arerestrictedto motion within a
plane perpendicular to and passing through the BC center of mass and the angle 0 between the R1 and R2 vdW bonds is
taken tobe fixed. The mainadvantageof this model is that2X + BC ar,d X + XBC continuaareeasily identified and treated.
Thus, mechanistic issues involving direct and sequential mechanisms can be addressed. Similar models (but with less
restrictions)have been used by Villarrealand co-workersin approximatequantumand quasiclassicaltrajectorywork.13"15

X X

B R1 R2

Fig. 1 Schematic diagram of the model. The active variables are Rr,
R2 and r, with Oheld fixed at an appropriateequilibrium value.

A reasonable Hamiltonian to employ is:



(pl2 + p2) cos0PIP2 + p2

H = 21_ + (mB + m C) _m + V(RI'R2'r;0) ' (3)

withmassestt= mx(mB + mc) /(mx + ms + mc), m = msm c /(ms + mc). PI ,P2,and p aremomentum operators

associatedwith thecoordinatesRI,R2, and r,respectively.Eq. (3)isa simplegeneralizationof the localmode

Hamiltonianemployedinstudiesoftriatomicmolecules.19

The potential(associatedwiththeB electronicstate)isassumedt_beasum ofatom-atomMorse interactions,

V(R I,R2,r)= Z V'b(R'b) ' (4a)
ab

V(R.b ) = D.b [z2 - 2z] , z = exp[--0t.b(R.b--R_b)] , (4b)

with the R,b beingfunctionsefR1,R2,r(anddependingparametricallyon 0) asdeterminedina straighfforwa_rdmanner

by thegeometryofthemodel.The equilibriumvalue0 = 50° isusedforallfourX2BC systems.The relevantMorse
parametersarepresentedinTableI.

Table 1. Atom-atom Morse potential interactions (a)

ab Dab/cm"I 0{,b/a*u. R:b/a.tl.

C12 3145 1.245 4.5612

12 4600. 0.9583 5.6955
HeCI 14 0.8467 6.8030
NeCI 39 0.9525 6.9920
HeI 18. 0.6033 7.5589
NeI 42.5 0.8100 7.5589
He2 7.61 1.1250 5.5993
Ne2 29.4 1.1049 5.8412

(a) C12 and XCl parameters from Ref. [5]; I2 parameters from Ref. [7];
He2 parameters from Ref. [14]; Ne2 lxn'ameters from Ref. [15]; HeI
parameters from Ref. [20]. The NeI parameters have been chosen
to describe the spectroscopy and dynamics 4 of NeI2.

2.2 Metastable states, propagation, and absorption

The coordinate space representation of the Hamiltonian operator Eq. (1) is obtained with the replacements

Pi =- ih3 / 3R i and p =- ih0 / Dr, and the dme-dependent Schr0dinger equation is given by

_---W(Rx,R2,r, t) = _iii W(Rt,R2, r, t) , (5)
igt tt

with I_I-'(Rt,R2,r,t)12dRtdR2dr being interpreted as the probability the system is within the volume element

(dRt, dR 2, dr) about (R t, R2, r) at time t. lt is necessary to specifyan initial condition W(t = 0) and to solve Eq. (5)

subject to this condition, i.e. to propagate q'(0) in time.



The initial conditions are chosen to be metastable states obtained by carrying out a small diagonalization of H in a
bound shq_ basis. A similar procedure has been employed in XBC wave packet work.5,7 Let <r Iv> = Zv(r) denote a set

of BC Morse oscillator vibration states, and <R1,R21nl,n2> = %, (Rr)%, (Rz) denote a set of zcro-ordsr voW stretching
states. (Harmonicoscillator states are used for the vdW stretches in these calculations.) Diagonalization of the vibrationally
adiabatic Hamiltonian Hv'= <v=v' IH Iv=v'> in the Inl,n2> basis, i.e. diagonalization of <hl,n2 1Hv' Inr,n2'> leads to a
set of vdW stretching states associated with v = v'. The metastable state that corresponds to v = v' quanta of excitation in
BC and zero-point in the vdW stretches, the lowest vdW state in the v' manifold, is the particular metastable state that is
propagated, since it corresponds to the kind of state assessed in experiments. Small Hamiltonian matrices, typically of
dimension25by25aresuitableforthedeterminationofthismetastablestate.

Propagationiscarriedoutinastcpwisefashion,andmay bedenotedas:

q_[kx]= exp(-iHx/h)_P[(k- l)'r],k = 1,2..... (6)

withz beingasuitabletimestep.ThemajorcomputationaleffortliesinevaluatingtheexponentialoperatorinF-xl.(6).A
Lanczosprocedureisused.21 Thiscanbethoughtofasinvolving,pertimesmp,M actsoftheHamiltonianoperatoronthe
current wave packet, which effectively allows an accurate representation of the exponential operator (over the time interval
of interest) to be constructed. Actually, I employ two iterative equations for the real and imaginary parts of the wave
packet that are completely equivalent to Eq. (6), and use the Lanczos procedure to evaluate the operator actions in these two
equations. This procedure is twice as efficient as applying the Lanczos method directly to Eq. (6). See Ref. [21] for details.
Typically, x _ 10 fs, and M = I5 in this work, and propagations of duration not more than 30 ps are adequate for inferring
ali relevant quantities. The structure of the problem is such that the wave packet is most conveniently expanded as

W(R1,R2,r,t) = ZvC,,(RI,R2,t) zr(r) , (7)

where the sum is restricted to a small number of BC vibrational states. Three vibrational states (v = v', v'-1, v'-2,v v'-3) are
found to be adequate when relatively low initial excitations v' < 13 are studied, and four (v - v', v'-l, v'-2, v'-3, v'-4)
vibrational states are suitable for calculations in the range 14 < v' < 21. An evenly spaced square grid in R1 and R2 is
employed, with each vdW bond vector being given by Ro + (i-l) AR, i = 1,2..... NR. Typical grid parameters are those
employed in the Ne2CI2 calculations: AR = 0.25 a.u., NR = 128, and Ro = 4 a.u. Depending on the X2BC system studied,
slightly different Ro and AR values must be employed owing to small differences in potential ranges.

Unfortunately, wave packet amplitude can approach the borders of the (R1, R2) grid. When this happens, it can be
reflected back into the interaction region and thus lead to errors. To minimize such artificial reflection effects it is necessary
to absorb wave packet amplitude. A convenient approach, which has proved adequate in earlier studies of XBC vdW
systems,5,7is to absorb the Cv amplitudes according to •

C_ (R1,R2, t)= a(R 1) a(R 2)Cv(RI, R2.t) , (8a)

with

a(R i) = exp[-o_(Ri-R,) z ] , R, <R i< Rm
= 1 , R i < R, . (8b)

Rm= Ro + (NR-1) AR is the maximum R1 or R2 grid point, and Eq. (8) corresponds to reducing wave packet amplitude
between Ra and Rm along both vdW bonds, lt is not necessary to absorb every time step x. A natural time scale to absorb
is provided by the classical vibrational period x,,ib(v') of a BC molecule in vibrational state v'. Typically, %ib(v') ranges
between 0.2 to 0.4 ps. Thus, Eq. (8) is applied every x,,ib(v')/ x -- 30 time steps, lt is necessary to verify that the
parameters used to define absorption ( Ra and or)do not significantly alter the observed dynamics (e.g., calculated lifetimes
and product distributions). Typical absorption parameters are those used for Ne2C12, Ra= 20 a.u. and t_= 0.2 a.u.
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2.3 Resonance energies, Hfetimes, and product distributions

The wave packet correlation function, S(t) = (_F(O)l_F(t)), can easily be computed, and when properly analyzed

leads to the resonance energies and lifetimes of interest. In fact, even if the duration of the propagation is less than a typical
lifetime, it can sometimes be possible to extract out the relevant information. The basic idea is to fit S(0 to resonance form,

S_,(t) = _b_, exp[-i(E_, -iF=/2)t/tri (9)

where bres, Eres, and F_, are considered to be fitting parameters. Actually, as stated this is a very difficult nonlinear

least squares problem. However, I have recently shown 21 that a rather old method of spectral analysis known as Prony's
method is ideally suited to this problem. Prony's method reduces the nonlinear least squares problem to two (sub-optimal)
least squares problems, and leads to stable results. When metastable states are employed as initial conditions so that one, or
at most a few resonances dominate the correlation function, excellent estimates of the resonance parameters result. In the
present calculations, for example, propagations of duration one quarter or less of a typical lifetime (/t / F_,) have been

found to be adequate.

In XBC vibrational predissociation problems, the product distributions associated with internal BC product states can
be computed in a relatively straightforward manner. J Unfortunately, difficulties arise with the corresponding X2BC
problem. For simplicity, I restrict attention to the overall wave packet probability distribution, i.e. no attempt to construct
energy resolved probabilities is made. Actually, because of the relatively narrow spreads of the wave packets, typically
much less than resonance energy spacings, there is not much difference between these probabilities and energy-resolved
ones. Imagine dividing the fR 1,R2) configuration space up into the regions I, P and C as indicated in Fig. 2. Region I is a
general interaction region associated with X2BC complexes; region C corresponds to configurations more appropriately
termed X + XBC complexes, with one vdW bond significantly larger than the other; region P corresponds to the 2X + BC
product region. The parameters Ro, Ra, and Rm are defined by the grid and absorption properties discussed in Sec. 2.2.
The parameter Rc is taken to be about 2 a.u. greater than the last classical outer turning point associated with the highest
lying XBC vdW stretching state. For Ne2CI2, Re = 15 a.u.
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Fig. 2. Schematic diagram of the grids used to define the interaction region (I),

X + XBC complex region (C), and 2X + BC product region (P).
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It is relatively easy to define vibrational state probabilities P_ associated with the D regions. One could_imagine
integratingthe wave packet flux that crosses the relevant boundariesindicated in Fig. 2. Alternatively,one could explicitly
accumulatevibrational state probability inside the D regions, allowing for the fact that some probabilityis absorbed every
Zvib(v) timeunits. As shown in Ref. [22], a suitableexpressionfor pvd(t) is:

D • •
Pv (tn)= (Cv(tn)ICv(tn))D +

tl

where D - I, P, or C, and tj -= J'_vib. The Dirac bra-kets on the right=hand side of Eq. (I0) are understood to be
integrations over RI and R2 that are limited in range to region D. The terms in the sum in Eq. (I0) keep a quantum
mechanically correct tabulationof probability lost due to absorption.

Considera propagation of a metastable state correspondingto X2BC(v'), and assume that asymptotic (t --->o,,)
product distributionshave been estimated. A calculation with finite grids and absorption yields, in addition to finite
PPv(,o), finite asymptotic probabilities pC(o,) associated with X + XBC(v). This occurs because XBC lifetimes are
typicallytwice as long as X2BC lifetimes, i.e. in practicalcalculations some X + XBC density will be absorbedbefore it has
had time to reach the 2X + BC limit. If a hypothetical infinite time calculationcould be performed with infinite grids, and
no absorption in the X + XBC channels, then ali amplitude will eventuallygo into some appropriatelyextended formof
regionP, becauseXBC is not stable for the accessible vibrationalstates. Let Pv be the "true"asymptotic probabilitiesin

region P associated with this hypothetical calculation. The calculatedprobabilities PPv(00) mustbe underestimatesof the

Pr, owing to the fact that the pc (co) are non-zero. Wave packet density in region C corresponds to X + XBC(v).
Neglecting interference effects between the regions, reasonableestimates of the Pv can be made on the basis of the
dynamicalproperties of XBC (v)--->X + BC. Considerwave packet density in region C correspondingto X + XBC(v =
v_. Actually, due to the relatively narrow energetic spreads of the wave packets and energy conservationarguments there is

generally only a very small amount this. Suppose one could estimate the fraction Qvqof this density associated with
quasibound XBC(v') complexes, i.e. complexes also associated with quantized vdW stretching motion. Separate 2D
quantum calculations have been performed to show that ali possible v' quasibound triatomic complexes decay

predominantly (with probabilities > 90 %) to X + BC(v'-I). Thus Qvc Pvc.(,o) is a contribution to Pv'-l. The remaining (1

. QC) fraction in the v' channel can be associated with direct scattering, i.e. processes that do not change v and lead to X

+ BC(v'). Thus, (1 - QC) pvc(**) represents a contribution to P ¢-1. The above arguments may be repeated for wave

packet density in region C corresponding to XBC(v'-I) and XBC(v'-2). Assuming the wave packet is expanded in terms of
just three vibrational states (v', v'-l, v'-2) one then has the following estimates for Pv :

pe = p_.(.o)+ (l-QvC)pC(o.)

P¢-I pP_1(oo)+Qvc pvc(o0)+ c c= (1-Q¢_l)P¢_l(oo)

Pr'-2 P c nc _pCP¢_2(00)+Q¢=IPC_1(.o)+(I- (0,,)"- '<v'-2 / v'-2

= Qv'-.2Pc-2(°°). (II)Pr'-3 c

Notice this procedure provides an estimate of probability associated with the v'-3 channel, although this channel is not
explicitly included in the propagation imagined. A straightforward generalization of Eq. (11) is used for calculations that
explicitly include four vibrational states in the wave packet expansion.

The QC can be estimated by carrying out metastable state calculations on the 2D T-shaped problem, obtaining the
various triatomic metastable states and then projecting them onto the wave packet near region C. For our purposes, the



triatomic metastable states may adequately be approximated by _g,(R)Zv (r), where {_g,(R), s = 0,1,.. } is a (finite) set of

Morse oscillator functions corresponding to a Morse oscillator fit to the tri,atomic T-shaped potential for XBC. Let
_v(R1 ,R2) denote a normalized cut of the full wave packet corresponding to vibrational component v near region C. For
example, at some suitable time t, Cv(R1,R2,0, with R1 between Rc and Ra, and R2 between RO and Rc, could be taken
as being proportionate to qJv (R1,R2). Then

Ra Rc

QCd, _, IRe dR1 ]SR0 dR211/'(g__)*v (R,,R2>I 2 . (12)

Since my concern is with obtaining rough (e.g., within + 10 %) estimates of the product distributions, the approximate
approach outlined has proven to be satisfactory. 18

An additional difficulty in estimating the product distributions is encountered for cases with long lifetimes owing to
computational difficulties in propagating the wave packets to an effective t _ oo limit. One can, however, take advantage
of the fact that, as in XBC vdW systems, 6 it is essentially short-tinae dynamics that determines the form of the product
distributions. This is easily seen in practice by noting that the re-norraalized asymptotic region probabilities for regions P

and C, P_(t)/N(t) and pC(t)/N(0 with N(t) = Ev [P_(t)+pC(t)], ¢=onverge to at least two significant figures by times

significantly less than the lifetime, e.g., typically by one quarter of the lifetime.

3. RESULTS

3.1 He2CI2 and Ne2CI2

Le Quere and Gray 18 have carried out extensive calculations for the He2CI2 and Ne2C12 systems in the vibrational
excitation range 7 < v' < 13 with the model outlined above. I will therefore discuss just a few representative results.
Table 2. lists resonance properties and product distributions for several v' excitations in He2CI2. Rather than report the
resonance energies Eres, Table 2 displays the vdW bond energy Do = Ev' - Eres, where Ev' is the energy of an isolated
BC(v') molecule.

Table 2. Wave packet results for He2C12(v')

v' Do/cm "1 x,_/ps -1 Pv : v'-I ,¢-2 v'-3

8 32.5 45.0 0.04 [0.08] 0.91 [0.92] 0.02
10 32.5 22.6 0.04 0.90 0.03
12 32.4 11.9 0.04 0.89 0.05

(a) Results in square brackets correspond to experimental estimates from Ref. [10].
(Due to energetic spreads in the wave packets, there is also a small probability of
forming v' products, which I do not list.)

Do is the energy required to break both vdW bonds. Unfortunately, there is no experimental ilaformation available for
either Do or the lifetimes. Since the amount of energy available from just a one vibrational quantum change in BC, Ev' -

Ev'.l _' 140 cm -1, there is more than enough energy to break both bonds and thus form vi: = v'-I products. However,
Table 2 shows that _ 90 % of the products correspond to a two quantum change in BC. These re,suits are thus consistent

theQ¢_l iswith experiment. 10 One may analyze the contributions topr'.2 in Eq. (ll) and deduce that c PC_l(o*) term



largely responsible for the large magnitudes of v'-2 products, which points to the sequential mechanism Eq. (2) being
dominant.

Inspection of the wave packet also shows this clearly, i.e. one sees almost no wave packet amplitude associated with a
direct fragmentation process. For example, Fig. 3 below displays contours of the reduced wave packet density

= fdr IW(R1,R2,r,t)l 2, (13)P(RI,R2,t) d

23

R2/a.u.
18

13

3.0 8.0 13.0 18.0 23.0

R 1/a.u.
Fig. 3. Contours of the reduced density for He2Cl2(v'=12) at t = 2 ps.

at t = 2 ps for the v' = 12 propagation. Wave packet density is strongly peaked in the interaction region consistent with the
initially prepared He2C12(v'=12) metastable state. Contour levels corresponding to small amounts of wave packet density
are evident in the two X + XBC channels. There is some density in the 2X + BC limit as weil, although it is quite small
(less than one percent of the total density) at this time. It is possible to analyze the density and discover that almost ali
density in the X + XBC channels corresponds to XBC(v'-I) triatomic metastable states with zero-point energy in the vdW
stretch. These states (eventually) decay with almost unit probability to v'-2 states and so Fig. 3 is the quantum mechanical
representation of the sequential dynamics mechanism Eq. (2).

Table 3 presents some results obtained for Ne2CI2, and contrasts them with available experimental information. The
vdW bond energy and lifetimes are in surprisingly good accord with experiment, given the obvious limitations of the
model. "I_e product distributions for v' = 10 and 12 are also in good accord with experiment. However, in this case it is
clear that the vdW bond energy is such that the v'-I product channel is closed for v' > 10. This means that if energy-
resolved probabilities were determined corresponding to the resonance energy, there would be no probability of forming v'-1
products. There is a small amount of v'-1 probability in Table 3 only because the wave packets have a small energetic
spread. Therefore, the fact that v'-2 products dominate for v' = 10 and 12 is not too surprising. In this regime, there is also
good agreement with experiment. However, the v' = 8 product distribution inferred from the model is very similar to the v'



= 10 and 12 results (and the He2CI2resultsabove). The model predictsa sequentialmechanismis operativeeven when the
v'-I channel is open.

Table 3. Wave packetresults for Ne2Cl2(v')(a)

v' Do/cm -1 "r,_lps -l Pv : v'-I v'-2 v'-3

8 152 139 [124] 0.04 [0.5*] 0.91 [0.5*] 0.02 [0.0]
10 151 50 [62*] 0.04 [0.0] 0.90 [1.0] 0.03 [0.0]
12 151 19 [21"] 0.04 [0.0] 0.89 [1.0] 0.05 [0.0]

(a) Results in square brackets correspondto experimentalestimatesfromRef. [11].
Anasterisk(*) indicatesthat I interpolated the result on the basisof the data in
Ref. [11]. Anexperimentalestimate11of = 147 cm-1 has beenreportedfor Do.

Experiment in this limit, however, yields a different result,with at v' = 8 roughly equal amountsof v'-I and v'-2 being
present. (The v'= 8 "experimental"distribution in Table3 is an interpolationof results given in Ref. [11] forv'= 7 and 9.)
Furthermore,if v' = 7 is considered(not shown in Table3) one finds still = 90 %of the productsarepredictedto be in v'-
2 with the model, whereas experimentshows only = 20% are in v'-2, with _,80% being in v'-I instead. The failureof the
model for low levels of vibrationalexcitation in Ne2CI2has been attributed to neglect of 0 variation(see Fig. 1).18 It was
shown that just slightly smaller 0values than equilibrium can enhance the v'-I productchannel. This happens through
increased Ne..Ne interactions and thus an enhancement of a direct fragmentation mechanism involving essentially a
simultaneous departureof both Ne atoms with only a one quantum loss from C12.This effect is less importantin He2CI2
becauseof the generallyweakerHe...Heinteractions(see Table 1).

3.2 He212 and Ne2J2

I have just startedto analyze these systems, and will outline herea few preliminaryresults. Wave packetcalculations
for He212(v'=22)havebeen performed. As with ali previousX = He results, the dynamicswas foundto be sequentialwith
Pv'-I = 0.01, Pr'-2 = 0.93 and Pr'-3 = 0.06. These resultscompare surprisinglywell with experimentalresults fromLevi's
group:8 Pv'-I = 0.015, Pr'-2 = 0.94, and Pv'-3= 0.044 ! This excellent agreementmustbe a partlyfortuitousbut nonetheless
is encouraging. The lifetime for He212(v'=22) was determined to be 19 ps. No experimentalresult is available for
comparison. A calculation was performed for He212(v'=12),which led to a longer lifetime of 65 ps, but a similarproduct
distribution.

The Ne212(v')system provedto be more interesting. A wave packet propagationof a Ne212(v'=21)initial state led to
significantamounts of vF = v'-3 products. The largest vibrationalstateprobabilitieswere estimatedto be: Pr'-2 _ 0.1,
Pr'-3 _ 0.8, andPr'-4 -_0.1. In a quantitativesense, these resultsdo not comparefavorablywith experimental results from
Levi's group9 that indicatethe v'-2 and v'-3 channels areaboutequally populatedforv' = 21 predissociation: Pr'-2= 0.55,
Pr'-3 =0.41 and Pv'-4=0.04. However, qualitatively the model is correctlypredictingsignificantamounts of v'-3 products,
which is inconsistent with the sequential mechanismEq. (2) that might be expected to be operative. Another important
feature (that may partly explain the quantitative discrepancies between theory and experiment) to note is that the dynamics
is now strongly dependent on v'. A wave packet calculation for v' = 16did yield v'-2 and v'-3 products in nearly a 50:50
ratio and a calculation for v' = 12 led to the old picture of sequential dynamics, with over 90% of the products being in v'-2.
The trend towards a sequential mechanism with decreasing v' is also indicated by the (limited) available experimental data.9
Therefore it may be that small variations in potential parameters and/or inclusion of certain zero-point effects due to
bending motion may shift the theoretical results into better accord with experiment. I should also note that Levi's group
determined a lifetime of 99 ps for the v' = 12 case, which compares well with my theoretical estimate of 90 ps based on
Prony analysis of the v' = 12correlation function.

!! ..........................



What makes Ne212(v') behave so interestingly in the v' = 21 range? Analysis of the wave packet correlation functions
shows that the wave packets actually contain contributions from at least two resonances in this range. Plots of the
vibrational state probabilities also show that the v' and v'-I total probabilities (i.e., summed over ali regions D in Fig. 2)
oscillate in a correlated manner. This ali points to an IVR phenomenon, akin to that seen in ArCI2 6and ArI2.7 Individual
resonances that normally contain zero-point motion in the vdW degrees of freedom and v' quanta of excitation in the BC
part turn out to become more mixed when v' = 21 and contain noticeable amounts of v'-1 character too. This arises from
certain zero-order degeneracies between excited vdW states in the v' - 1 manifold and the usual metastable state
corresponding to zero-point vdW excitation in the v' manifold. The result is at least two resonances that are close to one
another in energy, with one being mostly (but not entirely) v' in character and another being mostly (but not entirely) v'-1 in
character. The initial metastable state, which is entirely v' in character, then overlaps with both resonances. Such
accidental degeneracies will also be very sensitive to v'. Interestingly, recent real-time experiments from Zewairs group17
have also pointed to such possibilities. They have suggested the potential importance of Ne212(v'-l) intermediates that
contain significant amounts of vdW symmetric stretching excitation. Such intermediates (via a sequential mechanism like
Eq. (2) but with ali quantum numbers decreased by one) could yield the v'-3 products, lt should be possible to analyze the
wave packets and ascertain the presence of intermediates of this type, and work is in progress along these lines. One aspect
that is clear from my analysis so far is that most of the v'-3 products do indeed arise from Ne + NeI2(v'-2) type states, which
is consistent with the lVR picture.

4. CONCLUDING REMARKS

I have presented a three degrees of freedom model forX2BC vibrational predissociation, and outlined how to perform
wave packet calculations on this :_'_odc!.The results of Le Quere and GrayTMon He2CI2 and Ne2CI2were discussed, and
I also presented some preliminary results for He212and Ne212.

Despite He2BC molecules bei_,,gvery floppy, their vibrational predissociation dynamics is adequately described by the
simple model that freezes the angle between 0 the two helium atoms and the center of mass of BC. A sequential
fragmentation mechanism is always operative. The relative weakness of He...He potential interactions is responsible for
these features.

Ne2BC systems offer a more complex dynamics experimentally. The Ne2CI2 theoretical model results were not an
adequate description of the low v' excitation (v' < 10) experimental dynamics, although the v' _>I0 dynamics was properly
described. The model severely underestimated the amount of v'-I products consistent with a direct fragmentation of both Ne
atoms in the low v' limit. Le Quere and GrayTMhave shown that small variations in 0 can lead to increased Ne...Ne
interactions and an enhancement of the direct mechanism product v'-I channel. Clearly, these results suggest a four
dimensional model, explicitly including 0 as a dynamical variable should be developed and studied.

The Ne212 results were interesting because of the occurrence of IVR resonances near v' =21. lt is necessary to
characterize these resonances in greater detail, and work is in progress towards this end. The classical analogue of the lVR
resonances is a nonlinear classical resonance zone in phase space,20 so classical trajectory studies may also prove to be
interesteing, lt may also be possible to find these resonances in Ne2CI2, but at slightly higher vibrational excitations than
those studied here and in the experiments.11 Some preliminary calculations, in fact, suggest that similar resonances can
occur in Ne2C12when v' = 15.
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