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The vibrational predissociation rates of triatomic van der Waals complexes were investigated by a new,
computationally simple method. The method is based on three approximations: (a) metastable vibrationally
excited states of the complex are described by the vibrational self-consistent field (VSCF) approximation, (b)
the coupling among the rotational states of the dissociating diatomic fragment is treated by the infinite order
sudden (I0S) approximation, and (c) the vibrational transition that leads to dissociation is treated by the
distorted wave Born approximation (DWBA). The predissociation rates, the product rotational state
distributions, and the lifetimes of vibrationally excited states of iH& and He-1, are all computed and are

in reasonable agreement with other theoretical and/or experimental results. The suggestedWEX—

IOS scheme is found to be a very simple but efficient theoretical tool to investigate the dissociation dynamics
of van der Waals complexes.

I. Introduction proximation depend on the choice of coordinates used in the
Van der Waals complexes, e.g., molecules weakly bound to calculations because each modal wave function is dictated by

rare gas atoms, have attracted considerable attention, botfh® coordinates chosen. The correlation part missing in the
experimentally and theoretically?! Techniques such as high- VSCF approximation is incorporated in the Cl method. In CI
resolution IR absorption spectroscopy, Fourier-transform infra- the true vibrational wave functions are expressed as a linear
red spectroscopy, and microwave spectroscopy provide a wealthcombination of configurations, each of which is a product of
of information on the structure and the vibrational energy levels modal wave functions. The CI matrix is diagonalized to obtain
of van der Waals complexes. In many weakly bound molecules vibrational energies and wave functions; these become exact
the deviation from harmonic behavior is very large, even in the (on the assumed potential energy surface) for a complete
vibrational ground state. It remains a challenge to obtain expansion.
accurate energy level structure for these molecules from the  Extensive theoretical and experimental efforts have been made
potential energy fupct|ons and t.o |r!terpret the level structure in 15 ynderstand the dynamics of triatomic systems, including
terms of the vibrational dynamics involved. vibrational predissociation. Triatomic van der Waals complexes
_Many theoretical approaches have been applied to study the,qige ideal model systems for predissociation studies because
vibrational states of van der Waals complexes. Our aim here the electronic states involved are well-studied, the potential

Is to test an 'apprOX|mate. scheme that gcales prjly linearly with energy surfaces are well-characterized, and the relevant quanti-
molecular size, so that it can be applied efficiently to large . " .
ties (such as transition dipole moments) are known. In the

systems. The vibrational self-consistent field model (VSCF) . . .
has this convenient scaling property. The VSCF and related present work we develop a new but simple method to investigate
the vibrational predissociation process. We treat the initial

configuration interaction (Cl) methods are widely used in | h lex in th o
electronic structure calculations, but vibrational structure cal- (Metastable) state of the complex in the VSCF approximation;

culations using VSCF and CI are not frequently reported. In the predissociation dynamics is simplified by applying the
the VSCF metho@:1222-27 each vibrational mode is described  infinite order sudden (I0S) approximation to the coupling among
as moving in an effective field that is the average of the full the rotational states of the molecular fragment in the course of
potential over the motions of all the other modes. Each the dissociation, and finally the distorted wave Born approxima-
vibrational mode is described by wave functions called modal tion (DWBA) is used to express the decay rate of the initial
wave functions corresponding to orbitals in electronic structure state into products. Both the sudden and distorted wave
theory. Inthe VSCF method, correlation between modes is not approximations are well-known from scattering the®hand
included. Therefore, the validity and accuracy of the ap- as we shall see, physical considerations justify the present
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application to vibrational predissociation for the systems and -1 & 1 & j2 |2
conditions that are commonly of interest. Hr RO =5-—=—-5—"> + +Vi(r) +

2uy or? 2u, pR? ﬂ 2u,R?
V,(r, R, 0) (5)

This new scheme is extremely simple, so we have performed
some test calculations for HeCl and He-I, to assess its
accuracy. In these calculations, the VSCF approximation is
tested by comparison with vibrational energy levels calculated HereVi(r) is the potential energy function for diatom AB and
using other methods, and then the 10S and DWBA approxima- V2(r', R, 6) is the remaining potential, i.eV(r, R, 6) = Vi(r) +
tions are tested by calculating dissociation rates and comparingVa(r, R, 6).
with accurate values from other theory and/or experiment. Equation 1 is solved for bound states using VSCF and for

The present VSCFIOS—DWBA method has some similarity dissociation using 10S. If the bound state solution is designated
to a method that was used previously in studies of atom as W, (r, R, 6) and the dissociating state solution as
molecule inelastic collision®:30 In this study, the IOS method 1vavlj(r, R, 6), DWBA yields the dissociation rat® as
was used to describe rotational coupling and DWBA was used )
to determine scattering cross sections. Another related studyR(Vlevs_’ V') =
done previously by some of #swas concerned with collinear 27 £ )
modeIF; of triatgmiz predissociation dynamics. Here the VSCF A p(E)|ElIJV,1J-(r, R, 0)|VC|IPV1V2V3(r, R, e)u]z 6

method was used to describe the initial states and DWBA for
the predissociation rate. vi (i = 1, 2, 3) are the vibrational quantum numbers of the

In section Il a brief summary of our proposed method, i.e., triatom AB—C, v, is the quantum number associated with AB

VSCFDWBA—IOS, is provided. Section Ill explains the molecular vibration, angl is the quantum number associated
potential energy functions and numerical aspects of computa-With AB molecular rotation. The correlation potential ®¥nd

tions. The calculational results and discussion are provided in the density of states(E) will be defined later.
section 1V, and some conclusions are given in section V. A. VSCF Approximation. In VSCF each vibrational mode

is described as moving in an effective field, being the average
of the full potential over the motions of all the other modes.

) ~ Each vibrational mode consists of wave functions called modal
_The present study extends our earlier method for studying yaye functions corresponding to orbitals in electronic structure
triatomic system$? Jacobi coordinates are chosen to describe theory. Since each modal is associated with a formally separate

the triatomic system, ABC, where C is a rare gas atom and  ygmjltonian, the VSCF method clearly involves an assumption
AB is a covalently bonded diatom. The Hamiltonidirfor the of mutual separability of vibrational modes. However, the
AB—C system is written as, in atomic units, VSCF modes are different from normal modes. While normal
modes are assumed to be independent of each other, in VSCF
19,90 1 Q(Rz%) n j? i the effect of other modes is incorporated in an average sense.
2M1f2 or or Zquz oR\ " 0 2M1f2 The outline of the VSCF procedure is as follows. We assume
2
" ViR 6) (1)

Il. Method

H(r, R, 0) =

that the bound state wave function can be approximat®fas

W, (LR 0) ~WE (1, R 0) = ¢} (1) ¢ (R) @3 (6) (7)

2 V. v 1/21/

wherer is the internuclear distance between atoms A ang B, and

is the distance between the center of mass of the diatom AB

and atom C, and is the angle between two vectors associated H(r R 6) lpf;:vs(r’ R, 0) = Efﬁ;3‘l’f§fv3(r, R 6) (8)
with r andR. u; is the reduced mass of atoms A and B, aad
is the reduced mass of diatom AB and atom C, jiie5 mame/
(ma + me) anduz = me(ma + me)/(ma + mg + mc). j andl
are two angular momenta associated witindR, respectively.
ForJ=j + 1 =0, we have

The quantum number; corresponds to the vibrational motion
of the diatom AB,v; is the quantum number for the van der
Waals bond stretching motion, ang is the corresponding
bending motion. Then the Hamiltonian is partitioned as and

e H5(r, R, 6) = h'(r) + h*(R) + h*(6) 9)
2=1 —.——(sme—) @)
sin 6 90 90 the modal wave functiong satisfy
V(r, R, 0) is the potential energy function. The rangeddb h'(r) ¢t (r) = €& ¢ (r) (10a)
defined from 0 taz, and the range of andR is from 0 tooo. . S
The Schrdinger equation is 2 2 _ 2 2
h(R) 42 (R) = € ¢2(R) (10b)
H(r, R, 0) ®(r, R, 0) = E®(r, R, 0) 3) . . s 3
h(6) ¢2(6) = €, ¢.(6) (10¢)

where E is the vibrational energy and(r, R, 6) is the
vibrational wave function. If we replac®(r, R, 6) with W¥(r,
R, O)/rR, the reduced equation is

H(r, R 6) ¥(r, R, 6) = E¥(r, R, 0) @)

whereW(r, R, 0) is normalized such that/ /| ¥(r, R, 0)|2 sin
6 d6 dRdr = 1. The reduced Hamiltonian is

wheree,,, €,,, ande,, are modal eigenvalues, v, andvs are
vibrational quantum numbers associated with coordingtBs
and#, respectively, and

& 1
2 + 2
2uyr

Iy = —
"0 = 2

70 + Vy(r) + IVy(r, R, 0)%,
(11a)
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SR O
MR = 2" 2uR2

s 11 M2 1 5 The continuum wave function/)]- (R, 0) consists of two
h*(6) = BPD + EHZDI TV, R O (11c) parts—one is the rotationalj{ motion of the diatom and the
o 2 R

other is the relative translational motion of the diatom with

(11b) [— ozt V1(f)] ¢ (N =E, ¢}.(1) (14)

The subscripts after each set of brackéféndicate that the respect to atom C. The Sciiager equation for(R, 6) is
guantity is an integral in the subscripted variable over the modal ’ 1 )
SR
V1

. . 1| 4 b
functions. The total VSCF energy for the;(v,, v3) state is @, ,(r) +
2uy BRP 2uR? rf
By, Evon, T Ecr =6, F €0 + €5 + Eg (128) o] e
@ (r)|V2(r R 9)|(pv (r)D_ (EV11/2V3 Eyl') 1/)] (R’ 9) =
where the correction enerdstor is

(15)
Eeor = _E#Dﬁ@ _ ETDD]ZQ 2V,(r, R, H)Drw When the rotational motion is much slower than the translational
1 r

motion during the dissociation, we can reasonably utilize the
(12b) infinite order sudden (I0S) approximation. Under I0S, we set

. VI — 2 . .
The VSCF equations are iteratively solved to obtain converged =1( +1) =1 where the latter equality arises because total

angular momentum is fixed as zero. Then the scattering
modal eigenfunctions and eigenenergies for a prechosen refer-

equation we obtain is one-dimensional, i.e.
ence {1, v, v3) bound state.

Instead of basis function representations, we used numerical 1 & 1 - L
grid representations for modal functions. As we seeinegs 1la|———+ i(G+1+Bj(j+1)+
and 11b, the differential equations involving theand R 21z oR? Zquz
coordinates can be easily solved. However, heoordinate _ £
in eq 11c imposes a small problem in numerical representation. ViR 0) —E % (R 6)=0 (16)

To obtain numerical representations ipi‘a(e), we adopt the

discrete variable representation (DVR) proposed by Light and HereB is the rotational constant of the diatom for vibrational
Bacic?131.32 The DVR is introduced in order to simplify the  statev,’ (the third term in eq 15)Y»(R; 0) is the averaged,
approximate evaluation and manipulation of the Hamiltonian integral Over(pv (r) (the fourth term in eq 15) is the energy
operator. In particular, the kinetic energy operator, easily which isE andcp] (R; 0) parametrically depends on

VVoV3

evaluated in the variational basis representation, is transformed,g angIeG 1/) (R 9) is here approximated as
to the DVR, whereas the remaining potential operators, which !

are difficult to evaluate in the basis representation, are ap- ER 0) ~ /(2 + 1)/205(R: ) P.(0 17
proximated directly in DVR. In DVR a unitary transformation vi(R.6) @ /207 (R. 6) P(6) a7

matrix T is defined asT,, = ((2I + 1)/2)1/2(1)1’2P|(xa) where wherePj(6) is a Legendre function. In the present study we

the square otui’2 is a numerical weighty, = cos@u is a grid chosej = |, wherej is the final rotational quantum number.
point in angle,, andP; is a Legendre polynomial. Then the Equation 16 is solved at various angl@susing a fifth-order
potentialV(r, R, 0) is approximated to be diagonal (unchanged) Adams-Moulton algorithm with numerical grid representations
in this y, basis, buf? andI? are represented 52T andT*I2T, of the wave functions. The number of angles chosen is equal
respectively, in thig, basis. The row dimension)(of the T to the number of grids used in solving eq 10c. The derived
matrix is equal to the number of basis functions wbﬁr(@) is asymptotic form of(ij(R; 0) is

expanded in terms of Legendre functions, and the column o o _

dimenS|on o) of T is equal to the number of grid points when (ij(R;Q) — K e (R-72m) _ dkR-(72me2io) (1 8)

(pv (0) is expressed in a numerical grid representation. These

two dimensions are the same in standard DVR calculations. Whered is a phase shift anklis a wave vector, i.e., momentum
Equations 11a, 11b, and 11c are all transformed byTthe p = Ak. Since we calculate a real solutimﬁea(R 0) of eq

matrix to give new equations that are defined at each grid point. 16, we need a conversion factdp, Where @; R 0) =

In this representation we calculate a numerical value of ¢ E (R 0)Q, to give the right boundary conditions. The real

(pv n), gpv (R), and(pv (0) at each grid point, sas, Ry, andfy, wave function we calculate has the asymptotic form
respectively The finite difference method is then used to solve - -
the differential equations numerically. o quErea'(R; 0) — k—llA(g) sir(kR— J_ﬂ) + B(6) cos(kR— J_n)]
B. 10S Approximation. We turn to the determination of ' 2 2
the final state wave function’}, (r, R, 6), wherevy’ andj (19)

indicate vibrational and rotational quantum number of the
product diatom AB, respectively. Here we assume that vibration
may be separated from the other variables using

W, (1, R, 60) ~ ¢ (1) ¥ (R 6) (13)

whereA(f) andB(0) are determined by evaluating eq 19 and
its derivative at the asymptotic limit d®. After matching eq
19 to eq 18, we obtain the conversion fac@and, at a given
Randé

¢ (R 6) =2[B(0) +1AO)] '¢ea(R 6)  (20)
wheregov (r) is a vibrational wave function of the state’ of
diatom AB, which is a solution of the vibrational Schinger The final state wave functior;vv J(r R, 0) therefore obtained
equation of diatom AB from egs 13, 17, and 20 is
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(1, R 6) =
05 (N[B(O) +IAO)] '¢feaR; OV(2) + 1)/2P(6) (21)

C. Lifetime from DWBA. Now we want to compute the
lifetime of the vibrationally excited triatomic van der Waals
complex, which eventually dissociates into atom and diatom

fragments. The dissociation process is assumed to be due to

mode-mode correlation that causes energy transfer (and pre-
dissociation) from vibrational motion of the triatom. The
correlation potentialy, is given by

scr__1 2 11 [lo_ 1
VemH R r2] D4‘1r2[rl Zulrzm o
1
%ﬁz Qu# 2 Wg+w«Rm
V,(r, R 6)04, — V,(r, R 6)0, — V,(r, R 6) g — Ecor

(22)

Note that our final wave function is three-dimensional and
eq 18 is normalized to a unit incoming flux. Then the density
of the final states at enerdy, p(E), is

p(E) = (23)

(2h)?
Then the DWBA form of the predissociation ra®efrom the
(v1vova) initial triatomic state to thew('j) final diatomic state
given in eq 6), using egs 7 and 10, can be rewrittéfl as

4+t 1|w8(9) +iA(0)] *P(6) x

R(vvvs —vi]) =

el R: 0) @5 (N)IV (r, R 0)lg; () @2 (R) @3 (O)TF (24)
or numerically
Rvyvovs —vij) =

2 +1

Q[B(Ga) + IA(eu)] _lHj(Ga) ¢33(0u) X

Zw%(pf;e”am: 0097, (R) Y 0, 9, (r) @5, (1) Ve
Fo

(W ea)|2 (25)

where v is an asymptotic velocity an(do] R 0) =
b;, rea(r 9) The half-width,T’, is

AR(v v,v3 —

—1

Ly =) = v'HI2 (26a)

Ly —vy) = zr(Vl"z”s — 1) (26b)
]

and the predissociation lifetime of they(,v3) state of AB-C,
Tis
h

27
2l (vyvvy — 27)

T(vyvovg) = V)
1

Ill. Computational Details
We have utilized atomatom pairwise Morse type potential

Seong et al.

TABLE 1: Pairwise Morse Potential Function Parameters

complex atom pair  DgJcm™?t plau? red/au

He—ICI

A type e 1270.4 2.0955 5.02667
He—I2 18 0.6033 7.559
He—CI2 14 0.8467 6.8030

B type I-CI 1270.4 2.0955 5.02667
He—1P 16.5 0.79377 7.5589
He—CIPP 16.0 0.79377 7.5589

He—l, -1 4600.19 0.9583 5.6955
He—l¢ 15.4 0.695 7.5589

aReference 132 Reference 15¢ Reference 19.

sum of diatomic potentials, i.e.,AB, A—C, and B-C. The
relevant Morse parameter®, (dissociation energy); (expo-
nential factor), ande. (equilibrium distance) are listed in Table
1. For the He-ICI complex, we tested two kinds of Morse
potential parameters. One is the atoatom Morse potential
parameters used by Gray et!&l(we call this the A type
potential). The other is the potential parameters used by
Waterland et al® (B type potential). For Hel,, Gray's
potential parameters are us¥d.The electronic state oflis

the excited B state in which the has symmetryIlo". We
studied ther = 2—5 states of He'ICl and they = 12—26 states

of He—l,. The electronic state of ICl is the excited B state.
The atomic masses of He, Cl, and | are 7291, 63 746, and
231 332 au, respectively. In numerical integrations of the VSCF
equations, the starting point, the end point, and grid size are
repeatedly tested so that the optimum number of points are
determined. For the internuclear distance of AB, i.e.rthgis,
integration is performed from 4.5 to 9.0 au with a grid of 0.002
au for He-ICl, and from 4.8 to 13.0 au with a grid of 0.002 au
for He—I,, respectively. Integration for the-axis is from 4.5

to 30.0 au with a grid of 0.02 au for HdClI, and from 6.0 to
30.0 au with a grid of 0.05 au for Hd, respectively. For all
complexes, Legendre functions with= 0 to 40 are used foff

axis basis functions. This corresponds to 41 grid points in the
DVR scheme. What we have investigated are the vibrational
energy levels 1f1v,v3) of the bound AB-C complex, the
dissociation rates from ABC (vyvovs) to AB(vi' = v1 — 1,j)

+ C, the rotational distribution of AB{/, j), and, consequently,
lifetimes of AB—C (v1, v2, v3). We have assumed the strong
propensity ruleAv; = —1, so that allAv; > —1 transitions are
neglected.

IV. Results and Discussion

The VSCF calculated vibrational energy levels of-HEI
and He-1, are presented in Tables 2 and 3 and compared with
earlier theoretical results based on the same potentials (A type
with ref 13 and B type with ref 15) and with experiment. The
vibrational energy levels of ICl and &re also listed to clearly
show the dissociation energy of the process, e.g-18¢ (v
=2,0,0— He+ ICI (v = 1,j). We see that the (2, 0, 0)
energies are in good agreement with previous theoretical results
in both tables. This shows that the VSCF method is useful for
determining vibrational energy levels for van der Waals
complexes. However, the excited bend states in Table 2 are
not as close. Fortunately, these excited states are not the primary
concern of this study, as the only experimental results are for
ground-state bends.

The vibrational energy levels of diatomic ICI ang adre
exactly calculated, so we do not include comparisons with other
results. The predissociation process of interest in this work is
AB — C(vy, v2, v3) — AB(v1 — 1,]) + C. Therefore for this

energy functions, where the whole potential is assumed to be aprocess the total energy for dissociation is the vibrational energy
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TABLE 2: VSCF Vibrational Energy Levels (cm~1) of He—ICI and ICI

this work others
(v1, v2, v3) Atype B type theoretical exptl
HelCl
0,0,0) 13.9734% (—12.71303%
(2,0,0) 384.9063 €13.9212) 384.9278 -12.6393) —13.33?
(2,0,1) 389.8243 +£9.0033) 391.0189 6.5482) —7.738
(2,0,2) 391.8766 +{6.9509) 393.2348 «4.3324) —6.294
(2,0,3) 394.6519 €4.1756) 396.1263 -{1.4408) —5.218
(2,0,4) 398.1617 0.6658) not bound —3.72%
(2,0,5) not bound not bound —1.504
(3,0,0) 548.4346 +13.8903) 548.4654 -12.5991) -14.6 —15
(5,0,0) 817.6534 {13.8140) 817.7086 ~12.4985)
ICI

V1 Ev1 V1 Evl

0 e 3 548.3515

2 384.8541 5 817.4940

3 The numbers in parentheses are the energy difference betweelClte, v-, v5) and ICI(;). ® Reference 15. The energy is the difference
between He-ICI(v1, v2, v3) and ICI(v1). ¢ Reference 13. The energy is the difference betweenlBEv,, v,, v3) and IC |(’1). ¢ Reference 36 The
ground vibrational energy is -1162.1418 thwith respect to the K- Cl separate atom limit.

TABLE 3: VSCF Vibrational Energy Levels (cm~1) of He—I, and I,

He—1,
(’V]_, V2, Vs) Eff,;g (Vlv V2, V3) Efﬁfvg
(©, 0, 0) 13.83779 (20, 0, 0) 2152.8359
(-13.8381) (20,0, 1) 2159.1886
(—13.7481) (20,0, 2) 2162.7280
(—13.4f (20,0, 3) 2163.6930
(12,0,0) 1369.7972 (20, 1,0) 2165.6360
(14,0, 0) 1576.0096 (21,0, 0) 2242.8762
(16,0, 0) 1775.2544 (22,0, 0) 2331.1743
(17,0, 0) 1872.2624 (25, 0, 0) 2585.6169
(18.0,0) 1967.5289 (26,0, 0) 2666.9471
(19,0, 0) 2061.0533
I2
V1 Eyl V1 Ev1
0 e 19 2074.6201
12 1383.4766 20 2166.3848
14 1589.6590 21 2256.4069
16 1788.8711 22 2344.6865
17 1885.8633 25 2599.0607
18 1981.1130 26 2680.3803

aVSCF value (this work). This energy is the difference betweer B@, 0, 0) and 4(0). ° VSCF value (reference 279 Cl value (reference 27).
4 Cl value (reference 26}.The ground vibrational state energy-igt537.1084 cm! with respect to the i | separated atom limit.

TABLE 4: Predissociation Lifetimes (ns) for He—ICI (v4, O,

0) — He + ICI (v; — 1)

fact that the energy difference between-H€l (v4, 0, 0) and
ICI (v1 — 1,j) is largest wherv; = 2 and smallest whem =

5. Depending on the potential used (A or B type), the calculated
lifetimes vary 2-fold. The measured lifetime of H&CI (2, 0,

this work
21 A type B type theoretical exptl
2 2.37 1.42 2.18 <2.0°
3 1.23 0.72 1.00 0.55'
5 0.51 0.24

aReference 15° Reference 10¢ Reference 169 Reference 13.

difference between ABC(vy, v,, v3) and AB1 — 1). A
portion of the total energy is consumed to break the van der

0) is in the range of 0.52.0 ns'® Our value is 2.37 ns for the

A type potential and 1.42 ns for B type, while Waterland et
al.’s theoretical value is 2.18 8. These theoretical values are

in reasonable agreement with each other. Waterland.’'st al
calculations are more accurate than ours, but their method is
far more complex.

The rotational state distributions of the fragment ICI from

Waals AB-C bond, and the remaining energy is, after dis- He—ICl are presented in Figuresl and 2. Note that we show B
sociation, distributed to the rotational energy of AB and relative type results in Figure 1 and A type in Figure 2, so as to make

kinetic energy of AB against C.

Table 4 presents the predissociation lifetimes of-H&l
(v1(=2, 3, or 5), 0, 0), where the only dissociation process
considered is HelCl(v4, 0, 0)— He + ICl(v1 — 1,j). When
the vibrational quantum number of ICl is smaller by 2 or more
than the corresponding; of He—ICl, the predissociation rate
is very small. As expected, the lifetime of H&Cl (v, = 2, 0,

0) is longest and that af; = 5 is shortest. This is due to the

comparisons with other theory for the same potential. For the
He—ICI(2, 0, 0)— He + ICI(1, j"), the rotational distribution

of ICI oscillates with the rotational quantum numbeof ICI
whenj is less than 10. At= 7, a prominent peak is noted. At
largej’'s, another broad peak is found aroupe= 15. This
feature of the distribution is also found in experimelitsThe
rotational distribution profile of Waterland et at®theoretical
work is very similar to ours in Figure 1, but the magnitude of
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15 ‘ P e
I? He-IC1(2,0,0) - > He + ICI(1)

\ —a— This work (B type)
| | —e— Theoretical (Ref. 15)
?\ \ --& - Experimental (Ref. 16)
|

Population (%)

Rotational States of ICI, j
Figure 1. Rotational distribution of ICI(1j) fragment from predis-
sociation of He-ICI (2, 0, 0).

15, : : .
R He-1CI(3,0,0) -> He +ICI(2)

o ey

’ / o —m— This work (A type)

| \ ! \ —&— Theoretical (Ref. 13)

j / Y --a- Experimental (Ref. 16)
Wi

Population (%)

Rotational States of [Cl, j

Figure 2. Rotational distribution of ICI(2j) fragment from predis-
sociation of He-ICI (3, 0, 0).

their oscillations is somewhat larger than ours. Averaging the
oscillation at smalj, this distribution process looks bimodal.
As seen in Figure 2, the dissociation process of-H&(3, 0,

0) — He + ICI(2, )) is also bimodal. The theoretical results in
Figure 2 are from Gray and Woztyand show oscillations that
are similar to what we find.

Though there are still discrepancies between our theoretical
distributions and those of other theories in Figures 1 and 2, the
overall trends are similar. This shows that the approximations
we have made (SCF, DWBA, IOS) are not too serious for-He
ICI. Differences between theory and experiment are probably
due to inaccuracy of the potential functions used in the
theoretical calculations.

Seong et al.

TABLE 5: Total Vibrational Predissociation Rates and
Lifetimes for He—1,

rate/10s™! lifetime/ps

2 this work exptt this work exptt
12 55 183

14 6.7 150

16 8.0 125

17 8.7 7.8+ 0.2 115 128+ 2
18 9.4 8.7+ 0.7 106 115+ 9
19 10.2 9.9+ 0.4 98 101+ 4
20 11.0 10.6+ 0.5 91 94+ 4
21 11.9 12.2+ 0.6 84 82+ 4
22 12.6 13.3:t 1.0 79 75+ 6
23 13.7 15.6- 1.2 73 65+ 5
24 145 69

25 15.6 64

26 16.7 60

a Reference 33.

18

16 - He-l,

{4 _ —®— Experimental (Ref. 30) /)
—&— This work

Rate /10°s!
S

5
:

@

| 1 ' L L I

4 !
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Vibrational quantum number, v

Figure 3. Vibrational predissociation rates of Héx(v, 0, 0).

A He-1,(20,0,0) -> He + [, (19)

\ —m— This work
\ —e— Theoretical (Ref. 19)
\ --& - Theoretical (Ref. 11)

Population (%)

_
8

ol I . -
0 2 4 ] 8 10 12 14 16

Since the predissociation rates for the various excited states Rocatlonal States of I, §

of He—I, have been reported;!®33we have investigated the
predissociation dynamics of many excited states of thelhe
complex. The levels of Hel,(vy, 0, 0) studied are from; =

12 tov, = 26. Using the strong propensity rule fer(Hel,)

— (v1 — 1)(I), we neglect lifetime contributions from other
choices of Avy. The vibrational predissociation rates and
corresponding lifetimes of the bound state of the-tecomplex

are compiled in Table 5. The lifetime of the lower vibrational
states ¢1) of He—l, is longer than the higher ones. From the
comparison with experimental measureméatse see that our
theoretical rates or lifetimes are in good agreement (10%) with
experiment. The predissociation rates are plotted against initial
vibrational levels in Figure 3. The calculated rates are lower
than the experimental ones for high vibrational states.

Figure 4. Rotational distribution of (19, j) fragment from predisso-
ciation of He-1, (20, 0, 0).

The rotational distribution of the fragmentit presented in

Figures 4, 5, and 6. There is no particular reason why only the
three states, i.ey; = 20, 25, and 26, are presented. They are

simply some examples for presentation. Singésla homo-

nuclear diatomic molecule, the distribution cannot generally be
bimodal. Unfortunately experimental measurements of the
distribution have not been reported, to our knowledge. But

comparisons with other various theoretical calculattbhs!®
indicate that our distributions are reasonable.

The main purpose of this work is to test a simple theoretical
tool for investigating the vibrational predissociation process of
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Figure 5. Rotational distribution of 24, j) fragment from predisso-
ciation of He-1, (25, 0, 0).
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Figure 6. Rotational distribution ofA25, j) fragment from predisso-
ciation of He-I, (26, 0, 0).
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approximation for calculating the dissociation rates. Since the
VSCF corresponds to an effective averaged potential, the
correlation potential of eq 22 is the only one causing temporal
evolution of the VSCF states. Therefore we might expect its
approximate treatment, using DWBA, to be quite accurate (for
similar reasons that Mier—Plesset perturbation theory is useful
to improve VSCF energetic$}:3°

We have presented applications of this theory to vibrational
predissociation in the HelCl and He-1, complexes. Both
dissociation rates and product state distributions have been
compared to the results from other theory (typically from
accurate coupled channel or wave packet calculations) and from
experiment. The agreement with both is generally quite good,
which indicates that the combination of these three approxima-
tions is effective in describing these systems.

Calculations of vibrational predissociation rates for triatomic
clusters, though not computationally trivial, are certainly feasible
today by numerically exact quantum-mechanical algorithms. The
usefulness of the present method lies, however, in the fact that
it can be extended to much larger systems, while retaining its
computational simplicity. For such larger systems, exact
guantum calculations are not feasible at present. Consider, for
example, the predissociation process:—AB(v) — M +
AB(v — 1), where AB is a diatomic chromophore and M is a
polyatomic molecule or a cluster to which AB is weakly bound.
An extension of our method to this process seems straightfor-
ward. There are some complications not present in the case
where M is an atom; for example, the final states of M will
have to be described by VSCF if M is a polyatomic. This leads
to a DWBA rate expression that involves multidimensional
integrals. However, it seems that the required computational
effort should be manageable for M having at least several atoms.
The present study is therefore an encouraging test, showing that
computational treatment of vibrational predissociation based on
VSCF, I0S, and DWBA and thus application to larger systems
seem desirable.

van der Waals Comp|exes ha\/ing a weak bond. The VSCF Acknowledgment. H.S. thanks Dr. Carl Williams for helpful
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