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Recent work on predissociation in the Schumann-Ru
(B 3Su

22X 3Sg
2) system of oxygen1–4 encourages a stud

of the isotopic dependence of the linewidths. It has be
shown that the predissociation is dominated by the spin-o
coupling to the repulsive5Pu state with smaller contribu
tions from couplings to the3Pu ,

1Pu and
3Su

1 states.5 Ad-
ditionally the orbit-rotation interaction between theB 3Su

2

and 3Pu states has been demonstrated to be important
lines emanating from high rotational states.6 In this Note we
describe the isotopic dependence of the linewidths.

In Mulliken’s classification of predissociation7 the cross-
ing of the potential energy curves of the3Pu and B 3Su

2

states is of typeC2 ~where the predissociating state cross
the repulsive branch of the bound state! and crossings of the
5Pu ,

1Pu and
3Su

1 states are of typeC1 ~where the predis-
sociating states cross the attractive branch!. Within the semi-
classical approximation the widthGv , caused by one of the
predissociating states, of the vibrational level with quant
numberv and energyEv ~measured from the bottom of th
well! satisfies8–10

Gv

\vv
5pC~ 3

2 fv!
1/3~Ev2Ex!

21/2Ai2@2~ 3
2 fv!

2/3#, ~1!

where\vv (5dEv /dv) andC are given in Ref. 9,fv is a
phase~given in Ref. 9 for aC1 crossing and in Ref. 10 for a
C2 crossing!, Ex is the energy at the crossing point and
denotes the Airy function. We have previously described
calculation of the predissociation linewidths for oxyg
based on a least squares fit to experimental data.4 Letting
m denote theratio of the reduced mass for any one of th
three oxygen isotopomers16O2 ,

16O18O and18O2 to that of
the reference isotopomer16O2 we see, from Ref. 9, that th
phasesfv and the quantityC scale asm1/2. Hence the char-
acteristic energyE* in the ~linear! approximation,9

S 32 fvD 2/3' ~Ev2Ex!

E*
, ~2!

scales asm2 1/3. Within this approximation we can determin
the dependence of the width on the energyEv . This depen-
dence may be expressed as

Gv

\vv
5Km2/3Ai2F2m1/3

~Ev2Ex!

Ẽ*
G , ~3!
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whereK is mass independent andẼ* is the value ofE* for
the reference isotopomer16O2 . Expression~1! goes over
smoothly to sinusoidal variation forE @ Ex .

9 Within ap-
proximation~2! this becomes

Gv

\vv
5
K~Ẽ* !1/2

p
m1/2~Ev2Ex!

2 1/2 sin2S m1/2f̃v1
p

4 D ,
~4!

wheref̃v is the phase for the reference isotopomer16O2 .
Equations~3! and ~4! show that the widths depend in a

complicated manner on the reduced mass and do not ha
the simple dependence we implied.4 Figure 2 of Ref. 4 could
be viewed to imply that the widths can be fitted to a univer
sal curve for all isotopomers. However this conclusion is
ambiguous because the points are fortuitously distributed s
as to obscure the mass dependence. Furthermore Fig. 2
Ref. 4 shows thetotal widths; more precise information is
obtained from the individual linewidths. We illustrate this
briefly with a sample of calculated widths for two predisso-
ciating states: the3Pu of typeC

2 where the Airy fit~3! is
appropriate and the5Pu where the sine fit~4! is appropriate.

Figure 1 shows the3Pu widths for each isotopomer. It is
clear that all three sets of widths do not fit a universal curve
This was obscured in the plot in Ref. 4 of thetotal widths.
The energies were calculated from equation~5! below.

Our 5Pu widths are in the sinusoidal region where equa
tion ~4! is appropriate. Because of the disposition of points i
is not so obvious from a direct fit that each isotopomer fits
unique curve. However equation~4! clearly shows a mass
dependence. To show that the linear semiclassical appro
mation, which leads to equation~4!, is appropriate for our
5Pu calculations we have calculated the correspondin
phases and we show, in Fig. 2, that the quantit
~ 32 fv)

2/3m2 1/3 plotted as a function of energyEv , has the
linear form of equation~2!. The energies were calculated
from Ref. 11

Ev5~v1 1
2!vem

21/22~v1 1
2!
2vexem

21

1~v1 1
2!
3veyem

2 3/2, ~5!

whereve was taken as 709.31 cm21, vexe as 10.65 cm21

and veye as 20.139 cm21. The dependence ofEv on m,
being dominated by the first term on the right hand side o
equation ~5!, can be largely removed by simple scaling.
Equation ~5! also provides\vv5dEv /dv. The values of
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FIG. 1. Width ~cm21! vs energy~cm21! in predissociation by the3Pu state.

FIG. 2. (
3
2 fv)

2/3m2 1/3 vs energy~cm21) in predissociation by the5Pu state.
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Ẽ*5573 cm21, Ex52550 cm21 andK54.481 were calcu-
lated by the method described in Ref. 10. The graph of
dimensionless quantities (32 fv)

2/3m21/3 and the intercept
(Ex,0) vs energies is expected to be a line with slo
1/Ẽ* . Figure 2 demonstrates this; from the slope we find
value ofẼ* to be 557 cm21 compared with 573 cm21 given
above. Thev511 vibrational level of16O2 and thev510
vibrational level of18O2 are off line. This occurs because
each of these cases the phase isp/4 greater than a multiple
of p causing its evaluation from the width to be ill cond
tioned.

In conclusion we see that in semiclassical theory, in c
trast to the vibrational energy levels, the dependence of
predissociation widths on the reduced mass cannot be
moved by a simple scaling procedure. We have shown
for previously calculated widths and we have resolved
ambiguity.
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