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A full-dimensional, fully coupled wave packet method is proposed and applied to investigate the
vibrational predissociation dynamics of the,(,v’)—He, complex. Simulations are carried out

for the resonance states associated withvthe 10— 13 initial vibrational excitations of €] and the

results are compared with the available experimental data. A good agreement with experiment is
achieved for the resonance lifetiméypically within experimental errgrand the CJ fragment
rotational distributions. The mechanism of dissociation of the two He atoms is found to be
dominantly sequential, through th&ev’=—2 channel. The probabilities obtained for the '

= —1 dissociation channel are, however, overestimated due to the use of absorbing boundary
conditions combined with finite grid effects. It is suggested that a mechanism of energy
redistribution through the couplings between the van der Waals modes of the two weak bonds takes
place in theAv’= —1 dissociation. This mechanism is consistent with the resonance lifetimes and
Cl, rotational distributions predicted. The favorable comparison with most of the experimental data
supports the reliability of the potential used to model(Blv')—He,, at least in the present range

of v’ levels. © 2005 American Institute of Physic§DOI: 10.1063/1.1827600

I. INTRODUCTION threé®3® and fouf’*® degrees of freedom. A full-
dimensional quantum method based on a decoupling scheme
The study of weak van der WaalgdW) interactions  of some of the modes was applied to simulate the VP of
between chemical species and rare gas atoms has attrac@g_ Ne, and b—Ne,.%° In general, the above approximate
much interest in the last two decades. Such interactions playethods have shown reasonable success in describing some
a central role in determining the physical and chemical propys the properties measured experimentally, while those prop-

erties of doped clusters and condensed matter environmenigies which are more directly affected by the approximations
Tniatomic complexes such as BC—Rg, with a BC dlatomlcinvolved are more poorly reproduced. Recently, an exact

molecule weakly bound to a Rg rare gas atom, are among t [l-dimensional quantum dynamical treatment of the

simplest prototypical systems where the vdW interaction isI _Ne, predissociation using the multiconfiguration time-
present. The spectroscopy and photodissociation dynamics 82f

complexes such as GHRg 1~ Br,—Rg 48 I,—Rg®1 and ependent HartreéMCTDH) method has been report&d,
ICI-Rg (Refs. 15-17 (Rg; He Ne Ar), have beén investi- although no comparison with experlm_ent was made. . .
gated experimentally. Quantum mechanical simulations of The obvious advantage of approximate methods is their

the spectroscopic and dynamical properties measured ap@mputatlonal eff|0|§ncy. H,OWGV‘?“ when quaptum effects
currently performed, with an accuracy limited essentially(MOstly neglected in quasiclassical and hybrid quantum-

only by the accuracy of the potential surface u&&t22A classical approachesand spatial delocalization and inter-
number of experiments on BC—Rgomplexes withn=2  Mode couplinggnot well described in reduced-dimensional
have been reported as wéfi1%%-2" However, a full- quantum modelsbecome important, approximate methods
dimensional quantum-dynamical treatment of these system§)ay be inadequate. This is the case of the-Ele, complex,
even for the smallesi=2 size, is still a challenge to theory. Where the He atoms are highly quantal objects and the spatial
A variety of approximate dynamical treatments has beertlelocalization of the system is important. Thus, in order to be
applied to study BC—Rgcomplexes. Classical and quasi- reasonably quantitative in the description of the-Gfle,
classical simulations of the vibrational predissociat{®i®) dynamics, an exact quantum-mechanical treatment would be
dynamics of clusters such as-He, (n=1-9)28 |,—Ne, required.
(n=1-9)2°%Yand L,—Ar,3,% have been carried out. Hybrid In this paper the vibrational predissociation of,CHe,
classical-quantum and quantum-classical methods have be@ninvestigated through an exact full-dimensional quantum
applied to investigate the predissociation dynamics ofmethod. The goal of the present work is twofold. The first
Cl,—He,,*” 1,—-Ne, (n=2-6).* and Cb—Neg, (n=2,3)>"  gpjective is to develop a quantum-mechanical methodology
Quantum-dynamical simulations on BC-Rgomplexes which allows one to describe realistically the experimental
were performed using reduced-dimensional models includingata available for this systefi*I The second goal is to test
the accuracy of the potential-energy surface used to model
dElectronic mail: garciavela@imaff.cfmac.csic.es the complex. Recently an empirical potential surface for the
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Cl,(B)—He triatomic complex has been propogedayhich The Cb—Ne, system is represented in bond coordinates
reproduces well the available spectroscopic and dynamicdl Ri, andR;, wherer is the vector associated with the
experimental data. Using this surface to model theCl-Cl bond, andR; andR; are the vectors joining the £l
Cl,(B)—He, potential can provide a valuable additional testcenter of mass and the He atoms, respectively. In this repre-
on the reliability of the GJ(B)—He potential surface previ- Sentation, by expressing the above vectors in spherical coor-
ously proposed. dinates[r=(r,6,,¢;), Ri=(R;,6;,¢;), i=1,2] the Hamil-
The paper is organized in the following way: In Sec. |l tonian of the system becomes
the ChL(B)—He, potential-energy surface and the dynamical

method are described. The results are presented and dis- A 12 2 2 72 52 52
cussed in Sec. lll. Finally, some conclusions are drawn in  H=— — —+ 5 — (—2+ —2)
Sec. IV. 2pey, I 2pef” 2pc,-ne\ IRy IR
2 2 2
Il. METHODOLOGY +;(|1—2+ %)—M+V(r,R1,R2),
, 2uci,-ne\RT RS 2mg;
A. Potential-energy surface
ey

The VP process in the &FHe, complex occurs upon
optical excitation of the Gl chromophore from the ground
electronic state to a vibrational staié>0 in the B excited ~Whereuc),=mMc/2 anducy,—pe= Mue2Mcy/(Mpet 2Mey) are
electronic state. A resonance stat€ (@,v’')—He, is pre- the reduced masses corresponding to the &@id vdw
pared in this way, which decays to a dissociation continuummodes, respectively, withmg=35.4527 amu andm,
leading to fragmentation of the complex into ,(®,v¢ =4.0026 amuy, I, andl, are the angular momentum op-
<v')+He+He. Such a fragmentation is caused by energyerators associated with R;, andR,, respectively(the total
transfer from the Glstretching vibration to the vdW modes. angular momentum of the systemds-j+1,+1,), and

52 cosé; cosf, Cosdp+sing, sinf, 72

. = 1 i + +
V- V,=(sin#, sinh, cos¢+ cosd, cosb,) JR.OR, RiR, 90,30,

cos¢ 92 sin @, cosf, cos¢—cosh, sinf, >
+ : : +
RiR5sin#1sin0, dp19¢h, R, dR196,

+cosalsinﬂzcos¢>—sin0100502 92 sing,;sing > sing,sing 2
R; IR,90;  Rysinf, JIRdp, Rysinh; IR,IPq

cosf,sing  9° cosb,sing  9°

2

beingé= 1~ ¢,. The last term of Eq(l) comprises all the  character in th&/, _pe potential surface. Finally, the He—He

potential interactions of Gh-He,. Zero total angular mo- jnteraction is represented by the Tang and Toennies potential

mentum (=0) is assumed for the system. recently reported? using two Born—Mayer parameters and
To a good approximation, the VP process can be asgee dispersion coefficients.

sumed to take place on a single potential-energy surface,
namely that of the B electronic state. This potential surface is

modeled as : i
B. Resonance energies and initial state

V(r,R1,Rz,01,07,¢) The initial state of Cl-He, prepared by excitation

=V (N + Ve _nd TRy, 01) + Ve, nd L Ro, 65) needs to be specified before simulating the VP dynamics of
2 2 z the complex. Such a state corresponds with the ground reso-
+Vhe-nd R1,R5,01,05,0). 3 nance state of the system associated to the speciiwicCl

. ) . . brational levelv’ excited in the B electronic state. This ini-
The diatomic potentialc, (r) is represented by a Morse 5| state is calculated by applying the variational formalism
function whose parameters were given in Ref. 36. The triof Villarreal, Roncero, and Delgado-Barftd, where the
atomic potentialVe,,_per,R;,6) (i=1,2) has been de- Hamiltonian of Eq.(1) is represented in a basis set and di-
scribed in detail in Ref. 22. In brief, this potential is a sum of agonalized. Such a basis set is defined in a body-fied
two Morse functions, each of them describing the Cl-Heframe(in which thez axis coincides with the direction of the
interaction. Two of the three Morse parameters depend on vectop. By taking into account the symmetry properties of
the CI-CI bond distance, which introduces a three-body the Chb—He, Hamiltonian, i.e., that the Hamiltonian is in-
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variant under exchange &, andR,, the size of the basis TABLE |. Calculated resonance energies of,(@)—He, relative to the

set can be conveniently reduced. The symmetry-adapted b

sis functions,

=IM
=i 0,.00.0malMR1LR)

1/2

N [D)M (r,R{,Ry)
2(1+5mn5I1I2) I1.05,L,Q,0,mnt " 1,72
+ PN o nm(TRLR2)] (4)
are used, where
(I)i]l",vllz,L,Q,v,m,n(rle’RZ)
= dymn(HLRLRIWINL | 0(61,62,¢1,62), (5)

and similarly for ®{" | o, .m- The radial function
&y mn(r,R1,R,) is defined as

&y mn(rR1,R2) =X, (1) Em(R1) én(R2) /TR Ry, (6)

wherey,(r) is an eigenfunction of the glstretching mode,
obtained by solving

2 92

Ve, (N | xo(N=Eyxy(r), (@)

2ucl, ar?

initial Cl, vibrational energy leveE,,. E, =0 corresponds to separated
éT atoms. The groundH,) and first three excited resonance energies are
listed, along with the ground resonance energy of(Bj—He GEB”) for
comparison.

(cm™Y) v'=10 v'=11 v'=12 v'=13
E, —1023.3 —881.8 —750.8 —-630.3
Eo —-22.33 —22.20 —-22.05 —21.88
E, —-21.18 —21.05 —20.90 —-20.72
E, —18.08 —-17.95 —-17.80 -17.62
Es —16.48 —16.38 —-16.27 -16.14
Eg' -11.23 -11.17 -11.10 -11.02

low excited resonance states of,EHe,. The other param-
eters of the basis set wet§@=|7=L"*=12 and m™m?*
=n"*=4, |leading to 2716 basis functions. The ground and
first three excited resonance energies of(BJv’)—He, are
listed in Table | for the different vibrational state$ studied
(v'=10-13). The vibrational energies of LB,v"), E,/,

are also given in the table, along with the ground resonance
energies of GI(B,v’)—He, for comparison.

The ground resonance energy ob@,v')—He, is very
close to twice the ground energy of the triatomic
Cly(B,v")—He complexEg'. This is in agreement with the
spectral shifts found experimentally for £SIHe,, which are
twice those of Gl—He*! This result was expected due to the

and ¢,(R,) and &,(R,) are vibrational basis functions for weak He—He interaction, and the fact that the dissociation

theR; andR, coordinate$?
The angular functions are defined as

W

X

La(01,02,01,02)

1/2

2J+1
Dir (¢ 6,001 (61,02, ¢1,¢2), (8)

4

where Dyr, are Wigner rotation matricés® relating the

energy of the He dimer is close to zero. The presefg
energies of GiB,v')-He, (~—22cnil) are about
3cm ! higher than the G[(B,v’'=8)—He ground reso-
nance energy found in Ref. 41@25.6 cm 1) using a differ-

ent potential surface for the complex. It was shé¥that the

Eg' energies computed with the present(®)—He interac-
tion potential reproduce the measured spectral blueshifts
within experimental error(typically with a deviation of
~1%).Thus, taking into account th&, is practically EJ',

space-fixedSF and BF frames corresponding to a total an-the ChL(B,v’)—He, ground resonance energies of Table | are

gular momentund with projectionsM and(} on theZgzand
Zgg axes, respectively. The functio@#ﬁz(al,az,m,cﬁz)
are

©(01,0,,¢1,02)

PRLP

L 1, L
—(_ L+Q 1/2
=(-1)%2L+1) %(_w ") w)

XY (01,6)Y1 °(62,62), 9)

whereL=1,+1,, ((..) denotes 3-j symbols, and(,“i’(ai L bi)
are spherical harmonics. Since we shall deal @itt0 states
of Cl,—He,, this implies thatM = =0, andL=—]j. De-

expected to be the most accurate ones reported so far. As
seen from Table I, the energy of only one vibrational quan-
tum,E,.—E,, 1, is enough to dissociate the two He atoms.

C. Dynamical simulations

The VP dynamics of G(B,v')—He, is simulated by
solving the time-dependent Schiinger equation

dY(r,R1,R5,01,605,0,t N
Iﬁ l/l( : 2 s 2 ¢ ):Hd/(r!RlvR2101!02|¢vt)'

at
(10
Solution of this equation for a six-dimensional, fully coupled

tailed expressions of the Hamiltonian matrix elements in thevave packet, in the case of a slow predissociation process is

above basis functions are given in Ref. 43.

In the basis set only ong,(r) state was included,

namely that corresponding to the vibrational statev’ to

a computationally very demanding problem. Therefore a
careful choice of the wave packet representation is needed in
order to optimize the computational requiremen(ia

which the C} subunit is excited in the complex. Due to the memory and timg For the reactive coordinaté® andR, a
difference of frequencies the Llibration is well separated grid representation is usually convenient. For nonreactive co-
from the vdW modes, and only ong(r) state suffices, to a ordinates a basis set representation is typically more efficient
good approximation, for the calculation of the ground andwhen the number of basis functions is not too high. The
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spatial delocalization of G+He, implies that the system is
relatively localized in momentum space. This suggests thatk
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dCyr 111,57 (R1,Ra, 1)
at

the angular coordinates can be conveniently represented by

basis functions indexed to the angular momentum values,

such as those defined in E®).

Thus the CJ—He, wave packet is represented by the

following expansion:

‘/l(rlevR27011021¢vt)
1 }1/2

B 2(1+5,) [Coipip i (RuROW

v,lq.00,]

X(01,02,¢)+C (Ri,R2, OWL 1 |

U,|2,|1,j
X(011921¢)]Xv(r)e_iEvt/h

with the angular functions being those of E§), where the
indices J=M=Q=0 have been dropped, and=j, ¢

(11)

1/2

2(1+611)
[ (MW 177 (01,02, )

2(1+3,,)

v,lq,00,]

X|Alx,(NW_1,.i(01,602,6))Cy 11, i(R1,Ra 1)
+ (X (W 115(81, 62, 8) AL, (N, 1,
X(01,02,¢)>CU’|2’|1J(R1,Rz,t)]ei(Ev'_Ev)t/ﬁ.

(15b)

By expanding the angular dependence of the(B)J—He,
potential in spherical harmonics, the angular quadratures in-
volved in the calculation of the Hamiltonian matrix elements
of Egs. (15 can be evaluated analytically. Expressions for
these matrix elements have been given elsewtiere.

= ¢,— ¢>. The above expression of the wave packet satis-

fies the symmetry properties of £lHe,, among them that
the two He atomgand therefore the two vdW bondare
indistinguishable. Indeed, by exchanging ReandR, co-
ordinates through the permutation operakys,

PidCoip 0,1 (RUROW 1, (01,62, )]

=Cui (R, RLOW 1, (62,601, — &)

=Cy 1,1, i(RLR,OWL . 5(61,602,0), (12)
since
Cotyty jf(RLRD=C, 1 j(R2, Ry, (13
and®
VV|1,|2,j(92191,_¢)=(_1)|1+|2HW|2,|1,](‘91,02,¢).
(14

with 1,+1,+j=J=0. Thus, under permutation of the two

He atoms, the wave packet of Ed.1) remains invariant.
By introducing the expansion of Eqll) in Eq. (10) a
set of time-dependent coupled equations is obtained

&CU’,Ii,Ié,j’(RLRth)
ot

in
12

2(1+4611)
[(Xv’(r)wli,lé,j’(011021¢)

2(1+ 3,

U,|1y|21j

XA xu(DOW_ 1, ,i(01,62,8))C, 11, j(Re,Ra, )
+<Xv’(r)WI:'L,Ié,j’(011921¢)||:||Xu(r)wlz,ll,j
X(01,92,¢)>Cv1|2'|1’]‘(R1,R2,t)]ei(Ev'va)t/ﬁ, (15@

and similarly,

D. Numerical details

In order to reduce the computational requirements of the
present problem one can take advantage of some features of
the system. One of them is the high symmetry of-CHe,.
Because of the symmetry property reflected in &), so-
lution of only one of the two Eqs(15) [e.g., Eq.(1539)] is
required. Symmetry also helps to save CPU time in the
evaluation of the action of some Hamiltonian terms on the
wave packet. In addition, the representation of the Hamil-
tonian in the angular basis set leads to sparse Hamiltonian
matrices. By identifying and handling only the nonzero ma-
trix elements substantial savings in memory and CPU time
are achieved. Despite the above reductions, the present dy-
namical computations are still very demanding. Therefore, a
compromise has to be achieved between keeping the prob-
lem tractable and obtaining a reasonable convergence which
allows for a meaningful comparison with experimental data.

The Cv,|1,|2,j(R1,Rz,t) packets are represented on a
uniform grid in the R; and R, coordinates, withR,
=3.0 a.u.,,AR=0.45 a.u., andNg=70 points. In the basis
set four vibrational stateg,(r), with v=v', v'—1, v’

—2, andv’ —3 are included. All the Hamiltonian operations
on Cv,|l,|2,j(R1,R2,t) involving kinetic-energy terms are
performed using fast Fourier transfor(®FT) techniques.
The size of the angular basis setl {§*=15%=14 andj™®
=18. Since CJ is homonuclear the even and ofdtates do

not mix, and only the even states have been included in the
basis set. These values lead to 569 angular basis functions
with J=0, out of which 105 correspond te=1, and 464 to
l1#1; (half of them beingV; ,, ; and the other half being
Wi,y functiong. The time propagation of the
CU,,1,|2,j(R1,R2,t) packets is carried out by means of the
symmetric finite differencing methdd,up to a final timet;

=5 ps with a time ste@At=0.001 15 ps.

The wave packet is absorbed before reaching the edges
of the grid in theR,; andR, coordinates. Absorption is car-
ried out after each time stefpt by multiplying each packet
CU',lJZJ(Rl,Rz,t) by a product of exponential functions in
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each band including all the;, |1, combinations associated
o —1 with a givenj value which lead td=0. For increasing the
ordering of thej bands isj=0,2,...,18. Thefigure shows
that the population of eachband decays to zero, meaning
that convergence is achieved with tHE* and 15 values
used. Asn increases the population of théands decays to
zero as well, implying thaf™®=18 suffices for conver-
gence. Similar plots to those of Fig. 1 for t; were found at
intermediate times in the wave packet propagation, and this
L lL |L . holds also for the ' > 10 initial states studied.

[ll. RESULTS AND DISCUSSION
A. Resonance decay lifetimes

The observables of dynamical interest in the VP process
of Cl,(B)—He, are typically the resonance decay lifetime,
and the vibrational and rotational distributions of the, Cl
fragment. Resonance lifetimescan be obtained by fitting

the square of the wave packet autocorrelation function
L‘ L k |C(t)|?=|(¥(0)|¥(t))|? to an exponential law of decay,
Loy |C(t)|2=e Y7, and fromr the resonance linewidth can be
extracted ag’=%/7. The single exponential decay assumed
v —3 implies that the initial state is a pure, isolated resonance,
which is essentially our case.

It has been showffithat by propagating the wave packet
until a timet; one can obtailC(t) until a time 2¢, which in
this work is 10 ps. Details of the calculation of the autocor-
relation function when the wave packet is absorbed have
been given elsewher8.The decay curveRC(t)|? and their
corresponding exponential fits are shown in Fig. 2 for the
initial vibrational states’ studied. Lifetimes and linewidths
extracted from those fits are listed in Table I, along with the
experimental ones. Calculated and experimental lifetimes of
the Ch(B,v’)—He complex,~53° and 7, respectively, as
FIG. 1. Populatipn of the angular basis functions at the end of 'the waveyel|l as thr?m/z and Tﬁ?P/Z, are also shown for comparison.
packet propagationt(=5 ps) in the three '~ 1, v’ 2, andv’~3 disso- The calculated resonance linewidths agree with the mea-
ciation channels for the’'=10 case, van, an ordering number for the . L . .
angular functions. See the text for details. sured ones typically within the experimental error. Only in
the case ofv’ =13 the calculated linewidth is outside the
error limits. The result fop' =13 is not surprising, since the

] ] 36 Cl,(B)—He potential surface was fitted to experimental data
R, andR,, as previously describeti:*® The parameters of j"the rangev’ =8-12 of C}, vibrational state$? As dis-

the absorption exponential functions are=0.3 a-%fz,a“d cussed in that work, it is expected that the potential will
Raps=27.0 a.u. For the analysis of product distributions theg aqually deteriorate outside that range. The good agreement
vdW bonds are considered effectively broken for distancegetyeen the calculated and experimental linewidths of Table
R;,R;>R.=16.5 a.u. _ Il indicates that the G[B)—He, potential used here is rea-

_ Several convergence tests were carried out. By decreagpnaply accurate, at least for the vibrational stateves-

ing the AR grid spacing no significant changes were found.qjgated. The present results are encouraging since experimen-
Convergence with respept to the angular basis funct|pn§a| VP lifetimes (or linewidths of Cl,(B)—He have been
was also checked. Figure 1 shows the populationaqitionally difficult to reproduce with available potential
(Cotp il Cotpayi) O (Coi,1,,ilCoyyy i) Of the angular  gyrfaces, and a similar situation is expected fo(B)—He, .
functions att=t; for predissociation of the initial state Due to the weak He—He interaction, the two vdW bonds
Cly(B,v’=10)—He through the three vibrational channels are expected to be rather weakly coupled. Then dissociation
v'=1,v'—2, andv’—3. Among the initial states studied, of the two vdW bonds is expected to occur rather indepen-
v’'=10 is that for which the energy available for the vdW dently on each other, following a sequential mechanism in
modes is largest. Population is shown versysin ordering  which one bond dissociates first, then the other one. For a
number for the angular functions. The populations corredominantly sequential mechanism the (@) - He, linewidth
sponding to thew, , ; and Wi_, ; functions (whenl; T would bel'=2T"; (or 7= 7;/2).

#1,) have been added together, and this is wigoes up to The experimental G(B)—He, lifetimes found foruv’

337. The population appears in bands or groups of peaks; 12,13 are slightly smaller but very close#*/2, while as

population

0 50 100 150 200 250 300 350
n
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FIG. 2. Decay curves obtained from
the wave packet autocorrelation func-
tion C(t) for the initial CL(B,v')—
He, resonance states studied vs time.
Exponential fits to the curves are also
shown.

lC()?

v’ decreases®P becomes increasingly smaller thaff72  B. Vibrational distributions of Cl

(particularly forv’=10). The authors of Ref. 41 suggested  \vjbrational distributions of the G(B,v) fragment ¢
some possibilities to explain the differences, such as occur=y’—1 ' —2, andv’—3) are calculated as described in
rence of directAv’=—1 dissociation of both He atoms in Ref. 36. In brief, by accumulating probability in the region of
addition to the sequential one, and acceleration of the first Hghe CL(B,v) + He+ He productsR;, R,> R, (including the
departure in the sequential process via couplings with th@psorption region the probability P, (t) of the v; vibra-

other He atom. It was also pointed |°Ut that the differencesiona| channel is calculated along time. Then relative or nor-
were within experimental error. Th&®® lifetimes are some- | \Jjized probabilities are defined as

what smaller than; a2 in agreement with the experimental
trend, but all of them are close '92. Thus the present P, (1)
results seem to indicate that the differences betwé&&hand ProMt) =

xp f >, P (t)
H2 for v’ =10,11 are probably due to the experimental
error in the measured linewidth, which is constant for all the

v’ states (0.05 cm'), but proportionally increasing with pjjities P7o"(t) is shown in Fig. 3 for the resonance states

N e
d_ecreasmg) . The c_alculated Q(B.) He, Ilfet|mes are con-  siudied. At short times the probabilities oscillate because the
sistent with a dominant sequential mechanism of dissocia;
tion different dissociation channels incorporate with different
' time scales. Then the probabilities gradually stabilize and
converge to a fixed value which gives an estimate of the final
vibrational population. After a propagation of 5 ps the prob-
abilities show a reasonably stable behavior in general. In the
TABLE II. Calculated and experimental linewidths and lifetimes for predis- casev’ =10, where the VP lifetime is Ionger, theé —1 and

sociation of C}(B,v')—He,. The calculated and experimental N i
Cl,(B,v")—He lifetimes and the correspondint? values are also shown 2 probabilities are less stable, although no large changes

(16)

The time evolution of the normalized vibrational prob-

for comparison. are expected for further times. Table Ill displays the vibra-

tional populations at final timé; .
v'=10 v'=11 v'=12 v'=13 Experimental vibrational populations of the,@lagment

T (o by 0.055 0092 0159 0252 have been reportéd for predissociation of G{(B,v’

r*ecmH  010+0.05 0.13:0.05 0.2t-0.05 0.48-0.05 =8)—Hse,. The populations found were 8%, 92%, and less

7 (ps) 97.0 57.5 335 211 than 1% for the vibrational channelsy’=—1, Av’'=-2,

7 (ps® 52-21 43-28 2553 110-1 andAv’ = -3, respectively. The dominadtv’ = —2 chan-

:‘”p(ps)d 179 197 ;2 25 nel is consistent with a sequential mechanism dominating the

T:: 92 (p9 96 61 39 25 predissociation process. In contrast to the experimental result

=912 (p9) 89.5 485 26 12.5 for v’ =8, the present calculations predict very high popula-
tions for theAv’ = —1 dissociation channel, which becomes

%Reference 41.

bObtained from the linewidths of Ref. 41 even dominant fow’=10. The expected trend is that the
Reference 22. The’ =13 lifetime has been calculated in this work. f)’_ 1 population will decrease with increasing, as fOl'Jnd
dReferences 1 and 41. in the results of Table Ill. Thus, based on the experimental
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data, thev’ —1 populations in the range’ =10—13 are ex- sible in the asymptotic regiofl.Unfortunately, this becomes
pected to be smaller than 8%, in clear disagreement with thextremely costly with the present computational means. The
calculated result. In addition, the result of lifetimes consis-implication is that with the present grid limitations it is not
tent with a dominant sequential mechanism through theyossible to calculate quantitatively reliable vibrational popu-

Av'=—2 channel on the one side, and such a high-1  lations. In the light that the calculatesl —1 populations

populations(particularly forv’=10,11) on the other side, should be smaller in the absence of the artifact, the apparent

appears surprising in principle. inconsistency between the lifetimes obtained and the high
The origin of the discrepancy is an artifact in the calcu-,’ —1 populations disappears.

lation of the vibrational populations due to the absorption of  The 8% ofy’—1 population found experimentally for
the wave packet, which causes the=v’—1 population to ;' =8 js a remarkable one, and it is interesting to analyze the
be overestimated at the expense of the-2 andv’—3  issociation mechanisms involved in this channel. The cal-
populations®*®*® Indeed, after Gl loses one vibrational cyjated lifetimes along with the qualitative trend found for
quantum, some &(B,v" — 1) —Het+ He wave packet compo- the vibrational populations can provide some insight on such
nents are absorbed before further dissociation through thgachanisms. Two possible mechanisms are direct predisso-
Av’=-2 andAv’=—3 channels occurgvhich implies &  cjation to Ch(B,v;=0v'—1)+2He or predissociation medi-
longer time scale This leads to underestimate the<v’  4teq by redistribution of energy between the two vdwW bonds.

—1 populations, and therefore to overestimate #he-v’ | js |ikely that the two mechanisms occur, the question being
—1 population. This effect can be minimized only by using,ynhether one of them is dominant.

large grids and placing the absorption region as far as pos-

Direct predissociation via thAv’'=—1 channel is ex-

pected to be fasteby about a factor of Rthan sequential

TABLE Ill. Calculated Ck(B,v) fragment vibrational population@n per- d|ssoma_t|on through theﬁlf , : -2 Fhannel'. The direct

centagg after predissociation through the channejssv’—1,v'—2, and ~mMechanism would lead to lifetime£® appreciably shorter
v'—3. than753'92, and this effect should be more pronounced as the

v'—1 population increases. However, the opposite result is

’ vt V2 v found, with 7°8%= 7£392 for v’=10,11, where they’—1

10 53.9 43.9 0.2 populations are highest, while®®® becomes increasingly
E g;; gi'g g'g shorter with respect tar$?92 for v’ =12,13. This result

13 20.5 70.8 8.7 seems to indicate an important weight of the energy redistri-

bution mechanism. Energy redistribution between the vdW
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modes takes some time to occur, and this additional timealculated distributions reproduce well the positions of the
would roughly compensate the shorter time it takes losing anaxima of the even experimental distributions, which are
single vibrational quantum compared to losing two quanta, if=2, j=4, j=2, andj=4 forv’=10,v'=11,v’'=12, and
the case of the lowes’=10,11 states. The proportionally ’=13, respectively® The only exception isv’=12 for
increasing deviation of**¥° from {292 asv' increases which the maximum of the present distribution occurg at
(v'=12,13) would be consistent with an increasing strength= 4 instead of aj =2. In general, the distributions underes-
of the vdW intermode couplings, leading to a more efficient;jmate rotational excitation to some extent, and they exhibit a
(faste) energy redjstributipn. The implic;ation is that, despite ggmewhat higher population than the measured one fojj low
the weak He—He interaction, the couplings between the vdWaies. In this sense, the slight bimodality found experimen-
modes are able to redistribute energy rather efficiently. tally as a second maximum arouiiet 10 is not completely
reproduced. It is noted, however, that the distributions ex-
C. Rotational distributions of CI hibit a weak shoulder arounpg=10 (more pronounced for
v'=12,13), indicating that the bimodality is also predicted
y the theoretical distributions, albeit more weakly than in
the experimental data. A slight heating of the distributions is
found with increasing ', meaning that the present potential
evenj) corresponding to the;=v'—2 andv’—1 predis- describes better rotational excitation for higher in the

sociation channels are displayed in Figs. 4 and 5 respe([:)_resent range of vibrational excitations. In agreement with

tively, for all the resonance states investigated. It is noted® €xperimental finding, the four distributions are quite
that the calculated rotational distributions are not signifi-Similar, therefore being rather independent of the initial

cantly affected by the artifact in the calculation of the vibra-State and of the amount of kinetic energy available for prod-
tional populations. If the absorbed £B,v’ —1)—He+He  ucts.
wave packet components were allowed to dissociate into For thev’—1 dissociation channel no experimental ro-
Cl,(B,v’—2)+He+He, their contribution to the’—2 ro-  tational distributions were reported. As in the case of the
tational distribution would be similar as that of the compo-v'—2 distributions, the’ —1 ones are rather independent of
nents which actually dissociated before being absorbed. the initialv’ state excited and of the kinetic energy available
Thev’ —2 distributions are in very good agreement with for the products. Interestingly, the distributions of Fig. 5 are
those measured experiment&fiyalso shown in Fig. ¥ The  remarkably more excited than thé —2 ones, displaying a

Rotational distributions of the QIB,v,j) fragment
have been calculated by projecting out the asymptotic wavi
packet (i.e., for R;.<R; Ry,<R,,) at t=t; onto the
Cl,(B,v¢,j) +He+He product states. The distributioffer
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clear bimodality with two peaks, and with the absolute maxi-sociation is dominantly sequenti@dne He atom dissociates
mum corresponding typically to the second peakatl2.  first, then the other onethrough theAv’=—2 channel.
This behavior contrasts with the Ciotational distributions However, the calculated probabilities for the ' =—1 dis-
obtained after predissociation of LfB)—Ne,, where the sociation channel are found to be overestimated, due to an
v'—1 distributions are colder than the —2 ones* The artifact introduced by the absorption of the wave packet and
higher excitation of the present — 1 distributions cannot be finite grid limitations. A mechanism of energy redistribution
attributed to the kinetic energy available for rotation sincethrough the couplings between the vdW modes of the two
on the one side, this energy is smaller for tHe-1 channel weak bonds is suggested to occur in the dissociation via the
than for thev’ —2 one, and on the other side, the distribu- Av’ = —1 channel. Such a mechanism is consistent with the
tions appear to be very independent on the kinetic energyesonance lifetimes obtained, and with the,(Blvi=v’
available. The different’ —1 andv’—2 rotational distribu- —1) rotational distributions predicted, which are remarkably
tions would indicate that different dissociation mechanismamore excited than the gIB,vs=v'—2) distributions.
occur in the two vibrational channels. Again, a mechanism of  The agreement found with experimental data indicates
energy redistribution in the’—1 case, channeling part of that the potential surface used to modej(B)—Hse, is reli-
the first Cb quantum of vibrational energy to the rotational able enough, at least in the present range gfu@rational
modes, is consistent with the higher rotational excitation ofexcitations. This potential is based on a recently reported
thev’—1 distributions. potential surface for the triatomic £&B)—He complex, and
the present results provide an additional test for that surface.
In addition to the quality of the potential used, the quantum
dynamical method applied allows one to carry out a realistic
The Ch(B,v")—Hs, vibrational predissociation dynam- simulation of the Gl(B)—He, predissociation dynamics.
ics is investigated by applying a full-dimensional, fully
poupleq wave packet methdgdssumingl=0). The dynam- ACKNOWLEDGMENTS
ics is simulated for resonance states of the complex corre-
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