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In this paper we present a quantum mechanical study of the rates of vibrational predissociation of the T-
shaped Hel,(B) van der Waals molecule. The van der Waals bond is characterized in terms of Morse type
atom-atom interaction and by a Buckingham type atom-atom potential. The dynamics of vibrational
predissociation is shown to be insensitive to the long-range part of the van der Waals potential and the
Morse form is adequate for the description of this process. The close-coupling equations for nuclear
motion are solved by standard numerical methods and the vibrational predissociation rates are related to
the widths of the resulting resonances. The superlinear theoretical dependence of the vibrational
predissociation rates on the excess vibrational energy of the molecular I, bond is in good agreement with
the experimental data. The relative contribution of intramolecular and of intermolecular terms to this
superlinear dependence are elucidated, demonstrating the effects of the anharmonicity of the molecular

bond on the intramolecular dynamics.

I. INTRODUCTION

There has been considerable recent interest in the in-
tramolecular dynamics of vibrational redistribution and
vibrational energy flow in polyatomic molecules. Re-
cent experimental studies of vibrational predissociation
(VP) of the van der Waals molecules (VDWM) Hel,,!
Arl,,% HeNO,,® (Cl,),,* and (N,O)° provide interesting ex-
amples for energy acquisition within a normal chemical
bond followed by intramolecular vibrational energy re-
distribution which results in the fragmentation of the
van der Waals bond. In the VDWM’s the optical or col-
lisional excitation process is well defined and can be
well controled and the resulting dynamic intramolecular
relaxation provides a unique example for VP on a single
and simple potential energy surface. The understanding
of VP of VDWM’s is relevant for the elucidation of the
general features of bond breaking processes in chemical
systems.

Recent theoretical studies by Ashton and Child® and
by Beswick and Jortner’ addressed themselves to the
dynamics of VP of VDWM. Ewing® has analyzed in the
same spirit the role of van der Waals molecules in vi-
brational relaxation processes. A related problem con-
cerns the diffuse bands observed in the infrared absorp-
tion spectra of hydrogen bonding systems.® We have re-
cently”® performed numerical calculations of the VP
rates for linear and T-shaped X-I, (X=He, Ne, Ar)
VDWM’s by solving the close-coupled equations for nu-
clear motion on a single potential surface. The VP
rates were obtained from the energy dependence of the
scattering matrix. The potential surface for VDWM’s
was represented in terms of a harmonic potential for the
I, stretching vibration and a Morse-type atom~atom in-
teraction for the van der Waals bond. Clustering evi-
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dence and spectroscopic data'® seem to indicate a T-
shaped equilibrium configuration for the He-I, complex,
The potential parameters for the calculation of the VP of
the T-shaped He-I, VDWM were derived from two
sources: (a) Using the compilation of semiempirical
Lennard-Jones potential parameters,'! and (b) utilizing
the spectroscopic data**® for the energy separation AE,,
between the 7=1 and the ! =0 vibrational states in the
van der Waals bond which results in a value of 13.5 cm”
for the dissociation energy of the VDWM. The latter
potential parameters resulted in theoretical predictions
of VP rates for the T-shaped Hel, VDWM which were in
order-of -magnitude agreement with the semiquantitative
experimental data which were available at that time X
It was clear that the theory requires some refinement to
include the effects of the anharmonicity of the normal
molecular bond on the VP rate, which according to our
energy gap law was expected to result in a superlinear
dependence of the rate on the vibrational quantum num-
ber of the molecular bond. Recently Johnson, Wharton,
and Levy'® have determined the VP lifetimes of the
Hel, VDWM produced in a supersonic free expansion,
from the linewidths ') (HWHM) of the R branch heads

in the fluorescence excitation spectra. The dependence
of T, on the vibrational quantum numbers of I, (B°I)
were fit by the superlinear relationship

I,=0.555x10"17 40,1747 (cm™),

1

for 12< v<26. The corresponding lifetimes varied
from 221 psec at v=12 to 38 psec at v=26, These ac-
curate data call for a confrontation of our theory with
experimental facts.

In this paper we present a detailed calculation for the
perpendicular VP of the T-shaped Hel, molecule incor-
porating the anharmonicity effects in the I, molecular
bond. The close-coupling equations for this problem
are presented in Sec, II. We have introduced a linear
expansion of the interaction potential in powers of the
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displacements with respect to the equilibrium internu-
clear distance of I,, retaining only the linear term. Nu-
merical tests of this linearization approximation show
that it is adequate, the difference between the linearized
and exact results being less than 20% even for large v.
The linear approximation provides some further insight
into the dynamics of VP, as the VP rates are essentially
determined by a product of an intramolecular term in-
volving only structural properties of the I, diatomic
molecule, and an intermolecular term which depends on
the parameters of the van der Waals potential and on the
final relative kinetic energy of the recoiling fragments,
elucidating their relative contributions to the dependence
of the VP rate on the excess vibrational energy of the
normal molecular bond. We present in Sec. III the re-
sults of the calculations within the framework of the lin-
earization approximation and elucidate the effect of the
intermolecular and of intramolecular factors on the v
dependence of the VP rates when the molecular I, bond
is anharmonic. Using the potential parameters of our
previous work,”®:(® we show that the numerical integra
tion of the close-coupling equations reproduce very well
this v dependence of the VP rates, however, the calcu-
lated VP rates are smaller by a numerical factor of ~ 3
than the experimental values. Accordingly in Sec. IV
we have attempted to fit the experimental I', values by
modifying the parameters of the He-I, van der Waals
bond. A central practical problem concerning the va-
lidity of our model for VP pertains to the use of a Morse
potential to represent the van der Waals interaction. In
Sec. V we explore this problem concluding that VP dy-
namics for the lowest level is essentially determined by
the short range part of the van der Waals potentials, so
that the Morse function is adequate. Finally, in Sec. VI
we examine the validity of the different assumptions un-
derlying our theory of VP and VDWM’s, In particular,
we address ourselves to the validity of the dumbbell
model and to the relation between these T-shaped con-
figuration calculations and the Rotational Infinite Order
Sudden Approximation® (RIOSA) used in collision prob-
lems.

1l. CLOSE-COUPLING EQUATIONS FOR
VIBRATIONAL PREDISSOCIATION

We consider the quantum mechanical equation of mo-
tion for three particles X, B, C in a T-shaped configura-
tion where X is restricted to move on a line perpendicu-
lar to the interparticle axis BC. The Hamiltonian can
be written as,

72 52 B 92
—zﬂx,ac aR{c,sc - 2Upc aszac

H= + Vac(Rae)+ V(Ry, e, Rac)

(1)

where Ry pc and Ry are the distance between X and the
center of mass of BC, and the distance between B and
C, respectively. Vpy is the potential energy for the
normal BC bond which will be characterized in terms of
a Morse potential, while V is the intramolecular poten-
tial for the van der Waals bond, The reduced masses
are defined by: piy, gc=mx(mp+mc)/(my+mp+mc) and
Lre=mgmc/(mg+mc). We expand the nuclear wave
function for total energy E as
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7»bE(Rlac: Rx,sc) = Z ¢u(RBc)XuE(Rx,Bc) s (2)

where ¢,(Rpc) are the vibrational eigenfunctions for
“free” molecule BC, which will be represented by eigen-
functions of the Morse potential. After substitution of
expansion (2) into the Schrédinger equation, we obtain
the set of close-coupling equations

-5 8
[zp-x,ac aR '-—%(, BC+ va(RX,BC)+ (Ev - E)] XUE(RX.BC)

:‘; Uuu'(Rx,Bc)Xu'E(Rx.Bc), (3)
where

U (R, )= | dRoc%(Roc) ViRsc, Ry, 2c)ds (Rac),  (4)

and ¢, is the energy of the free BC molecule in the vi-
brational state v, The coupled differential equations (3)
may be solved by any of the currently available numeri-
cal integration methods.”® In order to avoid time con-

- suming numerical evaluation of integrals (4) we shall

adopt a linearization approximation, expanding the van
der Waals potential V(Rpc, Rx, pc) in a Taylor series
around the equilibrium position Ry of the diatomic
molecule BC, The integrals (4) can be then handled
analytically. In the present work, we have kept the first
two terms in the expansion of the potential retaining the
linear term in the intramolecular displacement of the
normal BC bond,

- av
V(Rgc, Ry, sc) = V(Rge, Rx,sc) +5

BRBC % (RBC _RBC)- (5)

BC

This linearization approximation has been tested by
solving the coupled equations (3) with a potential of the
form,

V(Rgc, RX.BC) =D{exp[— 0f(Rx.lac ‘sz,ac)
+a(Rgc - Rac)/2] -1}, )

for which the matrix elements defined in Eq. (4) are
known (see the Appendix). We have compared the re-
sults of this integration using the full potential (6) and
the linearized expansion {5). Some results for the
Hel,(B) system using a typical set of parameters D, «,
I_%x,Bc are shown in Fig. 1, where we present the energy
dependence of the square of the scattering amplitude
connecting channels v=19 and v=18 in the neighborhood
of the resonance corresponding to the lowest quasi-
bound state of the v=20 channel. For the sake of com-
parison the zero of the energy scale has been defined

by the position of the dip of the resonance for the full
potential (6) and for its linearized version. Actually,
there is an energy shift of ~0. 24 cm™ between the posi-
tions of the two dips. The two curves look very similar,
The widths obtained by fitting these curves to a general
digpersion profile according to the methodology present-
ed in our previous work,”® differ by less than 20%, In
view of the uncertainty in the potential parameter, such
an error is acceptable and the linearization approxima-
tion is adequate for calculations of the VP rates.
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FIG. 1. Transition probability between vibrational states

v =19 and v=18 of I, for the perpendicular collision of He with
I, (B) in the energy region of a resonance corresponding to the
closed channel » =20, The total energy is measured from the
center of the resonance in wave numbers, The full line corre-
sponds to a calculation using the potential of Eq. (6) while the
dashed line coresponds to the linearized potential given by Eq.
(5). E is the total energy in ecm™ measured from the center of
the line,

tH. VIBRATIONAL PREDISSOCIATION RATES

Before alluding to numerical calculations for the T-
shaped Hel;(B) VDWM it is instructive to advance a sim-
ple perturbation type argument, which will elucidate the
gross features of the dependence of the VP rate on the
excess vibrational energy of the BC bond. We shall use
the Golden rule rate for the VP process with distorted
wave basis set, The distorted wave basis is obtained by
retaining only one term in the sum giving the total wave
function (2) and x(Ry, pc) is the solutions of the homoge-
neous part of Eqs. (3). Such approach has been shown
to yield values of I', in very good agreement with the nu-
merical results obtained from the brute force solution
of the close-coupling equations in the case of colinear
configuration and a harmonic diatomic BC."'® Two
types of functions can be constructed from this zero-
order distorted-wave basis: (a) discrete, bound, vibra-
tional states of the VDWM

Yo' = o Rec)Xi(Rx, nc) s (7N

vl,B —
where v is the vibrational quantum number of the BC
bond, while ! corresponds to the discrete vibrational
quantum number of the van der Waals bond. The total
energy of these bound states are E=¢,+¢€;, where ¢,
and ¢; correspond to the energies of the discrete levels
¢, and x;, respectively; (b) continuum states of the
fragments X+ BC
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w:?:%ndz ¢v‘(RBC)Xe(RX,BC) s (8)

where ¢ designates the relative kinetic energy of the re-
coiling fragments. The continuum states are charac-
terized by the energies E =€, +¢. The Golden rule will
then yield for the vibrational predissociation rate from
the initial state v, [ to the final channel v', ¢

Torr =] VWS008 )2, (9)
and using the expansion (5) we obtain

rvl-v' =ﬂ|<Xl!aV/8RBC’§Bc'Xe>'2
®|<¢u’(RBC_PBC)I¢v'>'2 ’ (10)

and we see that the individual VP rate v- v’ consist in
the product of an intermolecular term depending on the
parameters van der Waals interaction potential and on
the final relative kinetic energy of recoiling fragments,
and an intramolecular factor which depends only on in-
trinsic properties, (i.e., frequency and anharmonicity),
of the normal BC bond. It should be noted that this in-
tramolecular term is the responsible for the propensity
rule, as even for an anharmonic BC potential the matrix
elements |(¢,|(Rgc - Bgc)l ¢,.)12 will strongly favor the
transition with v'=v-1. Thus [,;=T,.,.y) constitutes
a reasonable first-order description of the VP rate.

We can now determine the relative contributions of
the intramolecular term and of the intermolecular term
to the dependence of the VP rate on the excess vibra-
tional energy of the normal molecular bond. When a
harmonic model is used for the BC potential, as done in
our previous work,”*® the intermolecular factor is inde-
pendent of the vibrational excitation, as the relative
kinetic energy of the recoiling fragment is constant, and
the intramolecular factor is solely responsible for the
v dependence of I' ;c v, For an anharmonic BC bond
the linear v dependence of the intramolecular contribu-
tion is not significantly modified for sufficient low values
of v. For a Morse type BC potential the intramolecular
contribution is (see Appendix)

[(¢,|(Roc = Rac)| o) |?

Oc(?.Kﬂc -2v+1)(2Kpc - 2v-1) v
(2Kpc ~ V)(Kpe = v)° ’

(11)

where Kp¢ = wpe/2(wX,)pc, With wpe being the frequency
of the BC bond and (wX, )y, its anharmonicity, (Kgo+3)
represents the number of bound levels in the molecular
potential. For I,(B) we get Ko ="76.7. Thus for suffi-
ciently low values of v <Ky, as we are concerned with
here (v=12-26) we expect that the intramolecular con-
tribution, Eq. (11), for an anharmonic BC bond is still
proportional to ». This is apparent from a numerical
evaluation of the intramolecular contribution presented
in Fig, 2. This anharmonicity effects do not affect the
nature of the intramolecular contribution to I",;. An
additional contribution to the v dependence of the VP
rate for an anharmonic BC potential is expected to ori-
ginate from the intermolecular contribution to Eq. (10).
This intermolecular contribution originates from a dy-
namic effect which is determined by the relative kinetic
energy of the fragments. As v increases the relative
velocity decreases, because of the anharmonicity of the
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FIG. 2. Dependence of the vibrational predissociation line-
widths T, ; (1 =0) on the vibrational quantum number v of the

I, (B) diatomic molecule in the T-shaped van der Waals com-
plex Hel,. The full line corresponds to the experimental data
of Johnson, Wharton, and Levy, 9 while the dashed line is the
result of the numerical integration of the close-coupling equa-
tions (3) using the molecular parameters given in the text. The
dotted line corresponds to the intramolecular contribution
given by Eq. (11).

BC potential, and accordingly I',; is enhanced. In order
to obtain a quantitative estimate of the intermolecular
contribution to I',; numerical calculation of the VP rate
were performed, which of course incorporate both the
intermolecular and the intramolecular contribution. In
Fig. 2, we display the results for the VP rates T, ,

(1 =0) obtained by numerical integration of the close~-
coupling equations (3) using the molecular parameterst*

wpe=128, em™ |

(wXe)pc=0.834 cm™

(12)

for the I, molecule, and the following potential param-
eters for the T-shaped He-I, bond

a=1,254",
-RXB=4A’

D=Tcem™,

(13)

which were advocated in our previous work.™® The v
dependence of the calculated VP rates is superlinear
being well accounted by the empirical relation T, ;.
=A%, in the range v=10~30. This v dependence of the
VP rates is in excellent qualitative agreement with the
experimental data of Johnson, Wharton, and Levy.!!®
As we have already convinced ourselves that the intra-
molecular contribution results in a linear v dependence,
it is apparent that an additional v dependence of I',,;
originates from the dynamic effects inherent in the in-
termolecular contribution to the VP rates, This is a
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novel and interesting anharmonicity effect on intramolec-
ular dynamics.

IV. NUMERICAL RESULTS FOR VP RATES

The functional form of the dependence of the VP rates
on the excess vibrational energy of the molecular bond
is faithfully reproduced by our theory., It should be
however noted (see Fig. 2) that the absolute values of
the VP rates calculated for the potential parameters (12)
are lower by a numerical factor of ~ 3 than the experi-
mental values.!*® It should be borne in mind that these
potential parameters are rather approximate and it is
interesting to vary the potential parameters to find out
to what extent the general correlation I', o v2 will be
affected and whether a self-consistent set of potential
parameters can be obtained, which provide a quantita-
tive fit of the experimental data.

In our numerical calculations we have taken a dumb-

bell model potential for the van der Waals bond
V= Vxa(Rxp) + Vxc(Ryc) (14a)

which is represented in terms of a sum of two interac-
tions between the rare gas atom X and each of the atoms
the BC molecule. In our case we have a T-shaped con-
figuration and an homonuclear diatomic, so that

Ryp= Rxc 2[1%(. BC +R%3c/4]1/2 ’

and Vyg= V4. We have specified the interactions Vyy
and Vy. by Morse-~type potentials

Vys(Rys)=D exp[- 2(Ryp - RXB)]
-2 expl~ (Rxs - Bxs)] .

(14b)

(14c)

Numerical calculations of the VP rates for I =0 for sev-
eral values of the potential parameters are presented in
Fig. 3. We note that increasing the parameter D (no-
tice that 2D gives the minimum of the potential surface)
results in an enhancement of the VP rate. We have also
performed calculations with slightly different values of
@, These calculations give an idea of the sensibility of
the vibrational predissociation rate to changes in the
potential parameters of the van der Waals bond. In Fig,
4 we have displayed two possible theoretical fits of the
experimental data. For « in the range 1.1-1.2 A"!, D
ig in the range 13~18 em™!, The dissociation energy of
the van der Waals complex (being equal to 2D minus the
zero point energy of the van der Waals bond) will be in
the range 20—-30 cm™', We shall return in Sec. VI to
discuss these potential parameters,

V. ALTERNATIVE POTENTIAL FUNCTIONS FOR THE
VAN DER WAALS BOND

An interesting question which arises concerning the
validity of the present model for VP pertains to the
utilization of Morse potentials for representing the van
der Waals interaction. This is a reasonable description
at small and at intermediate distances but certainly very
poor one for long-range interactions, where the usual
R8, R™®, dependence due to dispersion forces is expect-
ed. However, the VP dynamics is essentially deter-
mined by bound-continuum interaction, so that one can
hope that the VP rates will be essentially determined by
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FIG. 3. Numerical calculations of the vibrational predissocia-

tion rates for the T-shaped Hel, complex as a function of the
vibrational quantum number v of the I, (B) diatomic molecule,
The parameters D and a correspond to the Morse potential
Eq. (14c) with Byp=4 A,

the details of the potential at internuclear distances cor-
responding to the minimum of the potential surface. In
order to investigate this cardinal point we have repeated
the numerical calculations using the modified Bucking-
ham potential

Vyp({Rxp) =A exp(- 8Rys) — CRY, (15)

for the van der Waals bond. The parameters A, C, and
8 have been chosen in such a way so that the potential
function and its second derivative at the equilibrium
position will be equal to the corresponding values for the
Morse potential. This prescription results in the rela-
tions

A=6De’/(v-86),

C=DRy/(v -6),
Y=1/2+7"/6+[(1/2+7'/6) - 292|112 |
¥Y=BRyp;

In Table I we present the results of the numerical in-
tegration of close-coupling equations using potentials
(14) and (15) for two different sets of parameters « and
D (Rys =4 A). The calculated VP rates are insensitive
to the form of the potential at large distances. This is
to be expected since the rates for VP are essentially
determined by the overlap between a continuum wave-
function and a bound state, so that the only nonvanishing
contribution originates from the region of the potential
well. We conclude that for the determination of VP
rates the Morse potential provides a reasonable descrip-
tion of the van der Waals interaction.

(18)

7':(1}7)(5 .
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TABLE I. Comparison between vibrational predissociation
rates obtained with Morse and Buckingham potentials.,

Parameters of the Morse potential® Morse Buck.
(see Eq. (14)} v T, (cm™) T,{cm™
D=13cm™, a=1,24 A4, 15 0.19x107"  0,20%10™
Byn=44A 20 0,33x107  0,3ax10"
25  0.53x107 0,55 x107
D=7cm™, ¢=1.24 A2, 15 0.61x1072 0,64 %107
Bxg=4 A 20 0.11x10? 0,11x10"
25 0.18x10"1  0.19%x107!

2The parameters of the Buckingham potentials have been de-

termined following the procedure described in the text.

Egs. (15)=(16).

Vi. CONCLUDING REMARKS

See

We have presented numerical calculations for the VP
rates of Hel,(B), which rest on the following assump-

tions:

(1) We use a dumbbell model potential, the total van
der Waals potential being represented by the sum of

two atom-atom interactions.

(2) The system is restricted to vibrational motion in a

fixed T-shaped configuration.

(3) Rotational effects have been disregarded.

(4) The potential is expanded in powers of the dis-
placement from the equilibrium interatomic distance

of I, up to the linear term,

008 I (enr!) T(psec)
) a0
_ 4
064 D=18¢cm /
=114 A §
D=13¢cni! / 450
3
<60
.04%
<478
-100
02+
—200
0 1 1 1 v
10 15 20 25

FIG, 4. Two possible numerical fits of the experimental data
of Johnson, Wharton, and Levy!!® for vibrational predissocia-
tion linewidths of the T-shaped Hel, (B) van der Waals com-

plex.

The parameters D and o correspond to the Morse poten-

tial Eq. (14c) with Ryp=4 A, The parameters for the diatomic
molecule I, (B) are taken from spectroscopic data. !4
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Furthermore while confronting our results with the
experimental data we have assumed that:

(5) The measured linewidth correspond to pure vibra-
tional predissociation occurring on a single adiabatic
potential surface,

(6) The photodissociation is assumed to proceed by
two well defined processes: a “preparation” of a single
metastable state and the subsequent decay of this non-
stationary state via VP.

Assumption (1) is likely to be a good approximation
for a VDWM. Assumptions (2) and (3) should be criti-
cally examined. These can be related to the rotational
infinite order sudden approximation'? (RIOSA)used in
collision problems, in which the vibrational motion is
considered to be much faster than rotation, For a sys-
tem like Hel, this will be particularly acceptable as the
vibrational frequencies for the I-I stretch and for the
He - - I, motion are 128 cm™ and ~6 cm™, respectively,
while the rotational constants associated to the I, and
the complex are 0.037 cm™ and 0, 27 cm™, respectively,
The rotational motion can be considered in that case as
adiabatic and 9 the angle between the interatomic axis
of I, and the line between the He atom and the center of
mass of I, (6 =37 for T-shaped configuration) can be
taken as a parameter, We will get then a vibrational
predissociation amplitude which depends parametrically
on 8. The final result is obtained after an average over
8. Further work in this direction is under progress.
We have shown in Sec,. II that the linearization approxi-
mation (4) introduces an error of <20%. For the pur-
pose of our approximate fits of the VP rates this is an
acceptable error, The calculation can be however
easily improved by incorporating additional terms in the
expansion (5). Assumption (5) seems to be borne out
by the experimental results of Smalley ef al. If a second
decay channel of induced electronic predissociation

Helf (B)~ He + 21 (1m

will significantly contribute to the linewidth a strong ir-
regular vibrational dependence of the linewidth is ex-
pected to be exhibited. The situation is completely dif-
ferent for the Arl, VDWM where electronic relaxation
competes with VP, Finally, assumption (5) has already
been discussed in our previous work!® and seems to

be justified in view of the spectroscopic data of Smalley
et al,

We conclude that the fits of the experimental VP rates
in terms of our theory provide rough estimates of the
potential parameters for the van der Waals bond in
Hel,(B). We have obtained a dissociation energy of the
range 20-30 cm™!, when using a parameter o [see Eq.
(14c)] in the range 1,1-1.2 A", Recent experimental
data!® indicate that the dissociation energy of the Hel,(B)
van der Waals complex is <18.5 cm™. On the other
hand our “best” potential parameters result in AE, =13
cm™! for the energy spacing between the I=1 and I =0
states which is higher than the experimental value AE,
=6 cm™ reported by Smalley et al.® This discrepancy
will be settled after a further examination of rotational
effects on the energetics and dynamics of VDWM’s.
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APPENDIX

We are interested in the matrix elements

Ay = [ dRyo03(Rac) expl= N Rpc - Ra)lbur(Roc), (A1)

where ¢, and ¢,. are the vibrational eigenfunctions of
the “free” molecule BC. For a Morse potential of the
form
Vac(Rpc) = Dpc {exp[~ 2apc(Ryc — Rec)]

~2exp[- apc(Rpe - I_esc)]} ’
the matrix elements (A1) are given by*® (for »> v')

Az [(v')! (2K50 — 20" —1)(2Kpo ~ 20 ~ 1)T(2Kpc — v')]”z
b (N T(2Kge - v)

(A2)

< T +y/a m+1)
v/ apc _qymev’y BC ~
X (2K5c) g (-1 m! (v’ = m)!

(-0 =v—y/age+m+2Kpc—1)

F(ZKBC—Z‘U +m)T(1+y/age+v —v=m)’ (A3)

where Kpc=(7apc) ™ (2lsc Dac)'’?. The parameter apc
and Dy are related to the frequency wy and the anhar-
monicity (wy,)sc of the diatomic molecule by the rela-
tions

Wge = asc(ZDsc/ﬁinc)llz ’ (A3")

fiw
(wWXe)se -ﬁ'ﬂ_

and can then be obtained from spectroscopic data.!' The
matrix element

Bvu' = JdRBC¢:(RBc)[RBc - _RBC](pv’ (RBC) (A4)

can be obtained by taking the limit y- 0 in
The result is (see also Ref. 16)

() (2K pe — 20 —1)(2Kpo — 20" =

for v# ',
Eq. (A3).

1)]1/2

By =(=1)"" ape(v’ = v)(2Kyc~v -0 = 1)
C(2Kg ~v) ]'°
X[(v >'r<zKBc-v)] : (45)
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