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-of He*.
43%.

As suggested by the two-state potential curve model?
and discussed in more detail previously, ™ Reaction (3)
is associated with transitions from the He* ~Ne* poten-
tial curve to the He*-Ne curve. Its cross section is
designated as Qgﬁ'. Reaction (2) is associated with tran-
sitions between the He* —-Ne* and He—Ne® curves with a
cross section Qg;". The total PI cross section is @p,
=QNe* 1 QHe* A total ionization cross section @y for the
He* ~Ne* system is defined as Q¢ =Qs;+@pr, Where Q,,
is the cross section for Reaction (1). The branching
ratio is defined as R=Q,;/Q@r.

The percentage of Ne* in the neon beam was

Lab-energy distributions of He* from Reaction (3) were
measured and are similar to those previously shown for
Ne’ from Reaction (2). Information on the reaction ki-
netics that is derived from these distributions is also
similar and includes the following: (a) Reaction (3) is
directed with most of the He" scattered in the c.m. sys-
tem approximately in the direction of the incident He;
and (b) W'>W for most of the scattered He*, where W’
is the relative KE of the heavy products. This latter
fact indicates that the He* -Ne* system is attractive in
accord with our previous conclusions.®

A well depth €* of the He* -Ne* system was previously
calculated as .(O. 5+ 20%) eV using our most accurate
method and the distributions of Ne* from Reaction (2).°
This method is labeled the min E technique and was ap-
plied to the calculation of €* using the lab-energy dis-
tributions of He* from Reaction (3). The result is the
same as above.

Relative @3¢ are given in Fig. 1. Also included are
Qar, @YY, and Q7. To relate the magnitudes of Q57
and the previously measured @,;, the ratio »'=Q,;/Q3%
was measured at W=0.1 and is designated »'(0.1). The

Letters to the Editor

value of #’(0.1) was determined to be 0.019+ 15%. It

is noted from Fig. 1 that Q¥¢" > QE¢*, indicating that the
He* —Ne* and He-Ne" systems are more closely coupled
than the He* ~Ne* and He'-Ne systems.

Absolute cross sections can be obtained from Fig, 1
and the previously measured Qps'(0.1)=8X 107" cm?® ®
For example, @4(0.033)=142%107'® cm? with an esti-
mated error of +53% and —45%. It is also noted that
@ o WO,

A curve of R is given in Fig. 2. The R<0.5% for all
W. The large @, small R, and W dependence of @, are
characteristic of other attractive systems of two meta-
stables that we have investigated and discussed previ-
ously. These systems include He*—He*,5® Ar¥..

Kr*, 5™ and Ne*—Ar*, &
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On the optimum trajectory in semiclassical calculations of

inelastic collisions
Robert J. Gordon

Department of Chemistry, University of Illinois at Chicago, Chicago, Illinois 60680

(Received 23 August 1979; accepted 20 December 1979)

A prescription used in many semiclassical formula-
tions of molecular scattering theory is tocalculate the
translational motion classically while treating the inter-
nal coordinates quantum mechanically. A classical tra-
jectory is used to determine the time dependence of the
intermolecular potential, which is then inserted into the
quantal equations for the internal degrees of freedom.
The question then arises as to which trajectory to use.
In order to guarantee microscopic reversibility, a com-
mon procedure is to choose some average initial trans-
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lational energy, such that the trajectories connecting the
initial and final quantal states are the same in both di-
rections. Three frequent choices are the arithmetic
mean of the velocities associated with the initial and
final states (v,), 1-8 ihe arithmetic mean of the initial and
final translational energies (E,),**® and the geometric
mean of the velocities (v,).!*"*® Giese and Gentry* and
Billing® showed that the », approximation is much more
accurate than v, in collinear collisions at low energies.
Here we present 2 simple argument justifying the use of

© 1980 American Institute of Physics
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FIG. 1. Comparison of the semiclassical approximations,
using the arithmetic mean of the velocities (v,), geometric
mean of the velocities (v,), and the arithmetic mean of the
energies (E,), with exact quantal calculations (CC) for the
system He+O, (y=1). The forced oscillator model was used
with an isotropic Lennard-Jones intermolecular potential.

the v, approximation.

Consider a transition from state m to state n. Using
radial JWKB wave functions to simplify the close coupled
equations, **!® one obtains the classical path equations,
which can be written in the form

hde,/dR =3 {V ,(R)/ (0, (R, (R)*?} expi(S, - )/ . (1)
i

In Eq. (1) ¢, is the amplitude of state n; V,,(R) is the
matrix element of the intermolecular potential averaged
over the internal coordinates of states j and » at radial
distance R; v, (R) is the velocity and S;(R) the action in-
tegral associated with the JWKB wave function for state
j at distance R. In numerical work uniform JWKB wave
functions must be used to treat the turning point proper-
ly. 5 The ordinary JWKB function is used here to em-
phasize the oscillatory behavior of Eq. (1). These equa-
tions can be uncoupled to first order, giving

inic, =§_:[v,,,<x>/v,<x>1exp{iw,.,,g :v.(x’)'ldx’}dx L@

In Eq. (2) x is the distance from the classical turning
point for either state; v,(x) and v,(x) are, respectively,
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the geometric and arithmetic means of velocities v, (x)
and v,(x); and 7w, is the difference between the initial
and final internal energies.? We now transform the in-
dependent variable from distance to time by choosing a
classical path. Let this path be denoted by x(f), with
x(0)=0 and v(t) =dx/dt. Eq. (2) then becomes

mcn=g”v,.,.(x(t))(v(t)/v,(x(tm

@)
><exp{iwmg‘[v(t')/v,(x'(t'mdt'}dt .

0

We observe that Eq. (3) resembles the result of ordinary
time dependent perturbation theory.*'*"** The corre-
spondence is improved if the classical trajectory is
chosen such that either v(#)=v,(x(¢)) or v{)=v (x({¢)). In
particular, Lawley and Ross!* recommended the geo-
metric approximation. It should be noted, however,
that the pre-exponential factor in the outer integral is
strongly peaked at x =0 and is insensitive to the choice
of trajectory. On the other hand, the exponential func~
tion oscillates rapidly and will have the proper frequency
only for v{)=v,(x({)). For isotropic potentials this con-
dition can be fulfilled by using the arithmetic mean of
the initial and final velocities. For highly anisotropic
potentials it may be difficult to satisfy either condition.
There does not appear to be any justification for the E,
approximation other than its convenience for thermal
averaging.

A second point we wish to make is that use of either
the v, or the E, approximation can lead to significant
errors in the interpretation of experimental rate con-
stants, We illustrate this point with a model calculation
of the vibrational relaxation of O,(v =1) by He. A har-
monic oscillator with an isotropic Lennard-Jones poten~
tial was assumed, with parameters?® ¢ =5.962 A and
€=25,17 cm™. Cross sections for vibrational relaxation
were calculated with the forced oscillator (INDECENT)
semiclassical model* and also by integrating the exact
close coupled (CC) quantal equations.?! The thermally
averaged transition probabilities, P(7T), resulting from
the v,, v,, and E, approximations are compared with the
CC results in Fig. 1. Excellent agreement between
the v, and CC calculations is obtained over a wide range
of temperatures. Below room temperature the v, ap-
proximation significantly underestimates P,,, while the
E, approximation overestimates it. Moreover the E,
approximation exaggerates the departure from 77'/3
behavior at low temperatures. Qualitativety similar
results were obtained for He + Co(v =1) using the Landau~
Teller semiclassical model.?® This system was the sub-
ject of a recent pair of Comments. **® Qur calcula-
tions show that most of the curvature in Ref., 11(b) is
due to the use of the E, approximation, %
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Analytic formula for chemically induced magnetic
polarization by $-T_, mixing in a strong magnetic field®

F. J. Adrian and L. Monchick
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(Received 17 December 1979; accepted 5 February 1980)

Recently we reported a theory of chemically induced
magnetic polarization due to mixing of the singlet (S)
and Mg =+ 1 triplet sublevels (T,,) of a diffusing radical
pair in a strong magnetic field, ! which paper is hence-
forth referred to as AM, The polarization, due almost
completely to §-T., mixing in the level crossing region,
was expressed as a complicated series which had to be
evaluated numerically, Here, we derive an analytic
formula for this polarization, whose very strong field
limit corresponds to Alexandrov’s result for nonadiabat-
ic transitions between two linearly intersecting energy
levels.?

By Eq. (35) of AM, the {- limit of the polarization
produced by S-T., mixing is

B az a2 ©
Cs-T)=gg - | avp [ da
re

rg=1
X[G+,t(pyq)+Gf,t(pyq)] ’ (1)

where a and H are, respectively, related to the hyper-
fine interaction, which mixes the S and 7, states, and
the magnetic field [cf. Eq. (6) of AM], and G, ; is a
Green function. The S-T, polarization is obtained by
changing the sign of the rhs of Eq. (1) and also the sign
of H, where the dependence of G, , on H will be given
momentarily,

We now replace the truncated Green function G, , in
Eq. (1) by the complete function G,, and drop the a*/2H°
term, which is included in G, but had to be treated sep-
arately in AM because of integral convergence problems.
Usually, the exponentially decaying exchange interac-
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tion, which splits the S and T states, will be very large
at the minimum interradical separation [i.e.,
(Joe™),.;= =], in which case Eq. (23) of AM shows that

x3,x \wle™/2)g (x lwle™ ¥ ¥ dx
Zi , {2
+1

where J, is the Bessel function of order v, and by Egs.
(15) and (18) of AM with s~ 0, which corresponds to the
long-time limit,

w= (4J0/A2)1/2e-ir/4;

G.(p,q)=- % J:

V=(4H/A.z)1/28-i'/4 . (3)

TABLE I. (S~T,;) polarization as a function of Hy and A.
Other parameters are D=2(10)" cm/sec, 0= 2(10)"% em, 7,
=07, A=2/0, and 2J,e™ = 4(10)'® rad/sec.

AP, (S—T,,)/a?

HyG A 7, v/e "4 Eq. (6) lvl—= Eq.(6)=AM
850 2 4,944  0.547 12,98 13.59
3400 2 4.251 1.094 2.79 2,82
13600 2  3.588 2.187 0. 58 0.58
850 4  2.972 0.273 3.90 4.56
3400 4 2,626  0.547 0. 86 0.90
13600 4 2.279  1.094 0.19 0.19
850 8 1.986 0,137 1.30 1.79
3400 8 1.813 0,273 0. 30 0.34
13600 8 1.639 0,547 0. 067 0. 069
850 16 1.493 0.068 0.49 0. 80
3400 16 1.406 0,136 - 0,12 0.15
13600 16 1.320 0.273 0,027 0.030

0021-9606/80/105786-02$01.00

© 1980 American Institute of Physics

Downloaded 18 Jun 2009 to 131.193.196.207. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



