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A fast beam photofragment
translational
spectroscopy study of the predissociation
of the O2 B %; state is presented. A 5 keV
beam of vibrationally
excited O2 X ‘Z:; is prepared via photodetachment
of OF. The B ‘Z; (v’= 7) +X ‘C, (~“=4) transition
of the Schumann-Runge
band is then excited, resulting in predissociation
to two 0 ‘P, atoms. We determine the photofragment
kinetic energy angular distribution
using a time- and position-sensitive
detector. Our energy resolution ( 10 meV) is sufficient to
resolve the energy splittings of the 0 atom spin-orbit
levels, enabling us to determine the correlated (j,, j,) fine structure distribution for the photofragments.
These results do not appear to be consistent with predictions based on a recent model of O2
B 2; state predissociation.

1. Introduction
The Schumann-Runge
B 3C; tX 3C; system of
molecular oxygen, the first far ultraviolet molecular
spectrum to be observed [ 11, plays a central role in
the photochemistry
of the Earth’s upper atmosphere.
Predissociation
from the O2 B 3C; state is one of the
main sources of 0 3Pj atoms in the atmosphere above
60 km. Perhaps more importantly,
the B 3Z; (v’) +
X ‘Z; (v”= 0) vibronic bands are primarily responsible for the absorption
of solar radiation
in the
wavelength range from 175 to 205 nm. Knowledge
of the strength of this absorption over this wide range
is crucial for the modeling of the penetration of far
ultraviolet light into the atmosphere. In addition to
the oscillator strengths of the specific transitions, the
natural linewidths of rovibrational
levels of the predissociative B 3Z; state are required for successful
modeling of the penetration
depth of this photochemically important radiation [ 2 1. For this reason,
the need for a quantitative description of B 3C; state
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predissociation
dynamics
remains
an important
problem. Although the long vibrational progressions
of the Schumann-Runge
band have been carefully
mapped out [ 3-5 1, it has been more difficult to elucidate the detailed B 3Z; state predissociation
dynamics. In this Letter, we report a high-resolution
photofragment
translation spectroscopy study of the
O2 B 3Z; (u’= 7) state that yields considerable insight into the predissociation
mechanism.
The complexity of the B 3Z; state predissociation
mechanism arises from coupling to at least four repulsive states: namely, the 311U, Ill,, %“, and
2 3Z: states [ 6,7 1. These four curves all have comparable coupling strengths to the B 3Z; state, primarily through spin-orbit interactions. The majority
of the effort to disentangle these interactions has been
via spectroscopic investigation
of the line positions
and line widths of the Schumann-Runge
bands.
Lewis et al. [ 41 and Parkinson and co-workers [ 8,9 ]
have modeled the strong rovibrational
state dependence of the dissociation
dynamics by fitting the
coupling strengths and potential curves of the 311U,
III,, %“, and 2 3x; states to their large body of measurements
of line positions
and widths [ 3-51.
Wodtke and co-workers have analyzed the spin-ro-
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tation state-resolved laser-induced fluorescence from
some high vibrational
levels of the B 3Z; state
[ 10,111. Their results provided some new insight into
the dissociation mechanism, particularly with regard
to the importance of the orbit-rotation
interaction
between the B 3Z; and the 311,,states. Wodtke’s work
and the recent results of Cosby et al. [ 121 suggest
that some uncertainty
remains regarding both the
strength of the coupling between the B ‘Z; state with
the repulsive curves and the location of the curve
crossings.
The B 3Z; state dissociation mechanism can also
be probed by characterizing
the fine structure distribution
of the 0 atom fragments. For example,
Huang and Gordon [ 131 used 157 nm light to excite
O2 to the Schumann-Runge
B 3Z; continuum above
the ‘D, 3P2 dissociation limit, and measured the spinorbit state distribution of the O3 Pj atoms. They found
the j=2 level to be the dominant
product by far
(93%), and from this concluded that they were observing primarily direct dissociation
on the B 3x;
state surface to 0 ‘D+ 0 3P, products. In a study
more closely related to the work presented here, Kawasaki and co-workers used resonance-enhanced
multiphoton
ionization
to measure the (uncorrelated) spin-orbit distribution of the two 0 ‘Pj atoms
resulting from predissociation
of the v’=4 level of
the B ‘C; state [ 141. Kawasaki has also reported results following direct dissociation
in the Herzberg
A 3Z,’ continuum
[ 15 ] .
One can learn considerably
more about the
B 3C; state predissociation
dynamics by measuring
the correlated fjl, j,) distribution
for the two 0 ‘Pj
atoms, and these are reported for the first time in
this Letter. The value of such a measurement derives
from the correlations between each potential energy
curve involved in the dissociation
process and the
asymptotic
(jl, j,) states of the recoiling 0 atoms
[ 16 1. Thus, a measurement
of the correlated fine
structure distribution
should aid in identifying the
participating
states, at least in the adiabatic limit.
Because the Schumann-Runge
bands are vibrationally and (partially) rotationally resolved, one can, in
principle, observe how the fine structure distribution
varies with vibrational
and rotational
quantum
number, and thus map out the contributions
of the
various repulsive states.
An additional feature of these measurements is that
504
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they are sensitive to long-range exit channel interactions that occur en route to dissociation. One can
adiabatically
correlate the molecular states to the
asymptotic 0 ‘Pj, +0 ‘Pjz levels, but at long range
(internuclear coordinate R much larger than R,), the
energy gaps between the (non-degenerate)
limits are
only a few hundred wavenumbers,
i.e. some two orders of magnitude smaller than the kinetic energy of
the recoiling atoms. (The excited 3P, and ‘PO states
lie 158 and 226 cm-’ above the 3P2 ground state, respectively.) We therefore expect some nonadiabatic
curve crossings to occur among the repulsive surfaces, particularly
in the “recoupling
region”, the
range of internuclear distances where neither Hund’s
case (c) nor Hund’s case (a) is appropriate for describing the coupling of the various angular momenta [ 16,171. Evidence for such effects has already
been observed in the previous measurements
of the
0 ‘Pj spin-orbit state distributions
following O2 dissociation [ 13- 15 1, but again, the correlated measurements presented here provide a more direct probe
of these exit-channel interactions.
In our work, we prepared vibrationally excited O2
by photodetachment
of 0,)
excite the B 3C;
(v’= 7) tX 32, (v”= 4) transition, and then determine the correlated fine structure distribution
and
product angular distribution
via a high-resolution
photofragment translational spectroscopy technique.
Fig. 1 shows the potential energy curves of the electronic states of 02 and O2 that are involved in our
excitation scheme. Also shown in fig. 1 are the four
repulsive curves that couple to the B 3C; state, causing predissociation to the 3P,, , ‘Pjz limit. We find that
the dominant (j,, j,) product state, representing 55%
of the total signal, is the (2, 1) limit, which is correlated which is correlated adiabatically to the 311U
and ‘II, surfaces [ 13 1. An additional 7% of the events
belonged to the (2, 2) limit, which is not correlated
adiabatically
to any surface that intersects
the
B 3Z; state. We briefly discuss the implication
of
these results in terms of simple models of diatomic
photodissociation.

2. Experiment
A description of our application of fast beam photofragment translational spectroscopy to the study of
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Fig. 1. Schematic of selected potential energy surfaces of 0~ and
0s. The vertical arrows depict the two photoabsorption
processes
involved in this experiment: hv, affects the photodetachment
step,
and hu2 excites the 0s B ?Z; (v’=7)tX
‘E; (v”=4) transition.
Also shown are the four repulsive curves responsible for the predissociation of the B ‘E; state.

free radical photodissociation
has been published recently [ 18 1. Briefly, we prepare a fast beam ( 5 keV)
of mass-selected, rotationally cold neutral O2 molecules via photodetachment
of the negative ion precursor 0~. The resulting neutrals are electronically
excited to the B 3C; state. The B 3x; state proceeds
to predissociate within a few picoseconds. We observe the arrival of pairs of 0 atoms in coincidence
with our recently developed time- and position-sensitive detector [ 18 1.
The negative ion source is similar in design to that
developed by Lineberger and co-workers [ 193. We
expand neat O2 with a stagnation pressure of 20 psig.
The expansion crosses a beam of 1 keV electrons,
creating a plasma. Negative ions are formed in the
continuum flow region and are cooled in the supersonic expansion. The negative ions are accelerated to
a laboratory energy of 5 keV and mass selected by
the Bakker time-of-flight method [ 201. The resulting negative ion packets are photodetached
with the
output of an excimer-pumped
tunable dye laser. By
operating the dye laser at 480 nm (2.58 eV), we photodetach the molecules well above the detachment
threshold of 0.45 eV [ 2 1,221. This results in the formation of vibrationally
excited O2 X 3C; levels as
well as some O2 a ‘AC The vibrational
state distri-
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butions are governed by the Franck-Condon
factors
between the 0, X*H, anion and neutral OZ. Normally, we avoid vibrational excitation of the neutral
species by detaching at or near threshold [23,24].
However, for the study of the Schumann-Runge
B 3C; tX 3x; band, the vibrational excitation is an
important advantage because it permits excitation to
the lower vibrational levels of the O2 B 3C; state with
relatively favorable Franck-Condon
factors.
After the residual ions are removed from the beam
by a 1 kV/cm deflection field, the O2 neutral beam
is intercepted by a second tunable dye laser pulse.
We have selected the overlapped R( 3) and P ( 1)
transitions of the ~‘=7tv”=4
band, at 210.23 nm.
The vast majority of the neutral beam is not dissociated and continues down the 1.00 m flight region
into a 8 mm wide beam block. The photofragments
recoil out of the beam, striking the active area of a
46 mm diameter microchannel
plate (MCP) detector. For each photodissociation
event, we measure
the two photofragment
positions at the detector and
time interval between their arrivals. This information directly yields the magnitude and direction of
the center-of-mass recoil velocity vector in three dimensions. This type of coincidence detection scheme
was first developed by de Bruijn and Los [ 25 1; our
detector is similar in concept, although the positionsensing method is quite different (see ref. [ 18 ] ) .

3. Results
The coincidence events are binned into the signal
array Y( ET, 0)) where ET is the center-of-mass frame
translational energy of the fragments, and 0 is the angle between the fragment recoil vector and the electric vector of the linearly polarized dissociation light
beam. The raw data are directly related to the true
two-dimensional
probability distribution .Y(ET, 6) by
~(ET, e)=Y(Er,

Q/9(&,

0) >

(1)

where g( ET, 0) is a numerically
derived detector
acceptance function [ 18 1. This 9(ET, 0) distribution can be broken down into separable energy and
angle distributions,
~(ET, 0) =P(&)

[ 1+P(&V’z(cos@ 1 9

where P( ET) represents

the angle-integrated

(2)
energy
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so the absolute energy calibration is not quite sufficient to assign the spin-orbit
limits in fig. 2 directly. However, the peaks were assigned unambiguously by a fitting the data to a set of Gaussian peak
shapes, separated by the well-known 0 ‘P, splittings
[ 271. The absolute energy scale and the full width at
half maximum (fwhm) were adjusted to find the best
overall least-squares fit to the observed P(E,). The
best fit was obtained with all of the spin-orbit limit
Gaussian peak shapes having a common fwhm of
10.1 meV. The least-squares tit to the observed P(E,)
is shown as the solid line in fig. 2, and the resulting
intensities are listed in the third column of table 1.
The excellent agreement between the P(E,) and the
fit implies that the assumption
of Gaussian peak
shapes was valid.
We find that the intense peak in the P(ET) distribution, contributing over half of the signal, clearly
belongs to the (2, 1) channel. The majority of the
remaining products are assigned to more energetic
limits, especially the ( 1, 0) channel. A small fraction
(7%) of the signal is assigned unambiguously
to the
lowest energy (2, 2) channel. We observed virtually
no intensity in the (0,O) channel. This result is consistent with the rigorous g/u inversion symmetry
conservation;
the singly degenerate (0, 0) atomic
limit correlates to a gerade molecular state (adiabatically, to the 2 ‘Cc state) and is therefore expected to be absent in the predissociation
of the
B 3E; state.
Analysis of the angular distributions
of recoils in
our data for the anisotropy parameter j?(ET) gives a

distribution,
and /3(&) is the energy dependent anisotropy parameter [ 261. We then obtain /I(&) and
P(E,) from a least-squares fit to the differential distribution P(ET, 0).
The circles in fig. 2 represent the resulting P(ET)
distribution.
The distribution
consists of a central
peak, which is about 10 meV wide (fwhm), and
smaller, partially resolved peaks to either side. This
structure represents the different (jl, j,) asymptotic
channels for the two 0 3P atoms; the energies of these
channels are given in table 1. The relative energy resolution in our kinetic energy release spectra is thus
AE,/E,=O.7%.
However, the absolute energy calibration of the apparatus is only accurate to about 2%,
I
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Fig. 2. The translational
energy release distribution
P(Er) resulting from the predissociation
of O2 B ‘E; (v’= 7). ( 0 ) Experimental data; (-)
results of a tit to these data (see text).
Every fourth data point has an error bar, representing the 1u uncertainty. The sticks denote the positions and intensities of the
individual (jr, j*) limits as deduced from the tit.

Table 1
The correlated spin-orbit
state distribution
following the predissociation
of O2 B 3E; (v’= 7). The third column contains the relative
populations,
as determined by the least-squares tit described in the text. The given errors represent Ic uncertainties.
The fourth column
contains the expected distribution
if the dissociation
followed the adiabatic Hund’s case (c) curves with the predissociation
rates published by Cheung et al. [ 91. The fifth column contains the distribution
of final states predicted in the statistical limit, while conserving
the g/u, + /- and J2 symmetries

232
2, 1
2,O
1, 1
130
090
‘) The branching
the degeneracy
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1.535
1.515
1.507
1.495
1.487
1.479

pd_i~rj2)

Pd_hJd

pstatCid2)

0.071(3)
0.554(8)
0.102(5)
0.095 (4)
0.175(5)
0.003(2)

0
0.377
0.236 a)
0.118 =)
0.268
0

4/18=0.222
7/18=0.389
2/18=0.111
3/18=0.167
2/18=0.111
O/18=0

ratio for the ‘II. state dissociating to the (2,O)
of the Q-specific correlations
(see ref. [ 131).

and (1, 1) limits was arbitrarily

chosen to be 2: 1, in accordance

with
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Fig. 3. The photofragment
angular distribution P( 6). Also shown
is the least-squares tit to the experimental data, which yielded an
anisotropy parameter ofp=0.76
+ 0.03.

value of 0.76 +0.03 (see fig. 3). The anisotropy of
the individual
spin-orbit
limits were equal within
experimental
error. More experiments
will be required to determine if this value is affected by saturation or by power broadening. However, this value
of /3 is quite consistent with the observed 2 cm- ’ natural linewidth for the v’= 7 level of the B )C; state.
The classical rotational period of this level with N’= 4
is 5.3 ps, comparable to the 2.7 ps predissociation
lifetime. As might be expected for such a case, the
observed anisotropy
is intermediate
between the
short lifetime classical limit (/I= 2 ) and the long lifetime, rotationally averaged classical limit (/3= 0.5 ).
A more detailed analysis is complicated by the overlap between the P( 1) and R( 3) transitions.
In addition, the unresolved spin-rotation
components of
N’=O (F, and F2) and N’=4 (F,, F2 and F3) can
each be expected to couple with different strengths
to the repulsive curves, resulting in spin-rotation
state-specific
j3 parameters.
Nonetheless,
the observed j? parameter was quite reproducible. Our continuing studies of this system should make possible
a more complete analysis of the anisotropy.
Before discussing these results, it is worth pointing
out that the high resolution displayed in fig. 2 is possible only because of the coincidence
detection
scheme used in this work. This differs in principle
from most photofragment translational spectroscopy
experiments in which only one fragment is detected.
In our experiment, for each photodissociation
event,
we measure the distance between the two photofragments on the detector and the time delay be-
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tween their arrival. These quantities are determined
to a precision of 100 urn and 0.5 ns, respectively. One
could imagine a simpler scheme in which the position of only one fragment is measured relative to the
center of the detector, along with the arrival time relative to the dissociation laser pulse at to. The energy
resolution of the latter experiment
would be degraded by both the size of the radical beam at the
detector (about 1 mm diameter in our case) and the
uncertainty
in t,, (about 20 ns). The coincidence
scheme, on the other hand, is insensitive to these effects. It is sensitive to the spread in the laboratory
kinetic energy of the ion beam. However, this spread
is less than 0.1% #‘, far less than the typical energy
spread ( l%-10%) in most neutral molecular beam
photodissociation
studies. Thus, the energy resolution AE/E=0.7%
in fig. 2 is limited solely by the
precision with which we can measure the photofragment separation and time delay; as such, it represents the resolution of the raw data without any deconvolution
over the experimental parameters.
The only single fragment detection scheme with
comparable translational
energy resolution is the hydrogen atom time-of-flight
method developed by
Welge and Ashfold [ 28 1, which provides unparalleled energy resolution of 0.3%. In this most favorable case, the laboratory-frame
recoil velocity of the
H atoms is largely independent
of the velocity of the
parent molecule, and the recoil distance is much
larger than the spatial extent of the dissociation volume. We note that the ion-imaging
technique developed by Chandler and Houston [ 291, while providing quantum
state selection
of one of the
photofragments,
actually has fairly poor translational energy resolution (0.2-0.5 eV) for the reasons
given in the preceding paragraph. This limits the extent to which the undetected
fragment
can be
characterized.

*’ In refs. [ 18 ] and [ 241, the energy spread in our fast beam was
increased from 0.02% to 2% by the application of a coaxial ion
packet “compressor”.
This compressor improved the spatial and
temporal overlap of the ion packets with the 30 ns laser pulses by
a factor of five, while causing some degradation
of the recoil energy resolution.
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4. Discussion
These observations
are the first correlated finestructure state measurements
for O2 dissociation.
With the exception of recent work by Robra et al. on
the photodissociation
of NOz [ 301, correlated finestructure state distributions
have only been measured for systems with much larger spin-orbit
interactions (see, e.g. ref. [ 3 1 ] ). They provide more detailed information
about the dissociation dynamics
than the uncorrelated
spin-orbit
state distributions
for O2 measured recently [ 13-l 51. Matsumi and
Kawasaki have reported the uncorrelated spin-orbit
state distribution
for the predissociation
of the Y’= 4
level of the B 3E; state [ 141. However, in the same
publication,
their reported
branching
ratios for
Schumann-Runge
continuum dissociation at 157 nm
do not agree with those of Huang and Gordon [ 131.
No other observations
of the predissociation
product state distribution
from bound levels of the
B 3C; state have been reported.
We not consider the implications of the fine-structure distribution
listed in table 1 on the determination of the predissociation
mechanism(s).
In order to correlate our results to the specific dissociation
pathways, it is necessary to find a transformation
that
will map each of the repulsive states ( 311U,‘II,, YIU,
and 2 ‘E: ) onto the asymptotic
u,, j,) limits. At
short range (R z R,, the equilibrium bond length for
the B 3E; state), the electronic states are represented well by Hund’s case (a) functions. At long
range (R much larger than R,), spin-orbit
effects
dominate any electrostatic interactions
and Hund’s
case (c) functions
are more appropriate.
Each
Hund’s case ( c ) state will correlate to a single ul, j, )
limit as R+m. The difficulty, then, occurs in the
“recoupling region” (Rx 2-3R,), where the transition between Hund’s case (a) and (c) occurs [ 161.
The most straightforward
way to connect the case
(a) and case (c) is by means of adiabatic curves,
each labeled with quantum umber Q, the projection
of the total angular momentum Jon the internuclear
axis. The quantum number Q is good for all R. Because of the spin-orbit
interaction,
these “relativistic adiabats” [ 321 will have avoided crossings between curves of common L2. Given knowledge of the
energy ordering of the Hund’s case (a) curves at short
range, a powerful correlation diagram can be con508
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strutted connecting the 1;2components of the Hund’s
case (a) curves to single asymptotic u,, j,) limits.
(Only those curves with Q=O+ and 1 need be considered [ 13 1.) In the limit of slow recoil, the dissociation will follow the adiabatic surfaces through
the recoupling region, avoiding transitions at avoided
crossings between surfaces of common 9.
With the aid of such an adiabatic correlation diagram [ 13 1, the final spin-orbit state distribution can
be predicted with knowledge of relative predissociation rates into the various repulsive surfaces. Parkinson and co-workers have modeled the predissociation mechanism
of the O2 B3C; state semiempirically, based on their observations of the linewidths and line positions of the Schumann-Runge
bands [ 8,9]. Their analysis predicts that the zi’= 7
level is predissociated primarily by the 2 ‘C: and ‘II”
states. It is reasonable to assume that under our experimental conditions, the spin-rotation
line structure sublevels F1, F2 and F3 (and, therefore, the Q
components
O+ and 1 f ) were excited in roughly
equal proportions. Averaging over the fine structure,
Parkinson and co-workers predict partial linewidths
of 0.629 cm-’ for the 2 ‘CT state and 0.831 cm-’
for the ‘II,, state. These states correlate adiabatically
to the more highly excited spin-orbit
states of the
3Pj-,, ‘Pjz limit; specifically, the 2 ‘E: state correlates
to the (1, 0) limit, while the 511Ustate correlates to
the (2,0) and ( 1, 1) limits. Parkinson and co-workers predict that the lower-energy states 311uand ‘II,,
which both correlate to the (2,1) limit, play somewhat smaller roles in the predissociation
(partial
widths of 0.535 and 0.348 cm-‘, respectively). The
fourth column of table 1 lists the branching ratios
predicted in the adiabatic limit following the predicted predissociation
rates of Parkinson and coworkers.
Our observed ul, j,) distribution has some points
of agreement with these branching ratios. For example, both the experiment and the model give the
(2, 1) products as the most likely pathway. However, the adiabatic correlation significantly
underestimates the yield of the lowest energy products,
namely, the (2, 1) and (2, 2) channels. The discrepancies between the third and fourth columns in
table 1 can be due to two possible sources. The first
possibility is that the assumption
of adiabatic behavior in the recoupling region may be breaking
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down. The second possibility is that the analysis of
Parkinson and co-workers has underestimated
the
strength of the coupling to the 311uand ‘II, surfaces,
which correlate to the (2, 1) limit.
The first possibility,
namely, that nonadiabatic
transitions are affecting the tine structure distributions, is certainly true to at least a limited extent. The
clear presence of 7% of the products falling into the
ground state (2, 2) limit (see fig. 2) proves that
transitions between the adiabatic curves are taking
place. In the adiabatic basis, the (2, 2) limit correlates only to lower-lying bound states of O2 (namely,
to A ‘Zz, A’ 3A11,and c ‘C; ). These states cannot be
playing a role in the primary predissociation
mechanism. Instead, the (2, 2) products must be born at
large R, where the bound states and repulsive states
become nearly degenerate.
Given that some nonadiabatic
transitions are occurring, it is worth examining what would happen in
the case of complete mixing of the adiabatic curves
with the same value of 8. This would yield a statistical distribution
of products, with the weighting of
each (jr, j,) channel determined by its degeneracy
(counting only the number of .Q=O+ and 1 states
associated with each channel). Such a distribution
is
shown in the fifth column of table 1. It is clear that
this limit reflects the observed distribution
no better
than the adiabatic description. The (2, 1) channel
again has the most population,
but is significantly
underestimated
in the statistical model. Furthermore, the statistical limit badly overpredicts the yield
in the (2,2) channel, which accounts only for a small
fraction of the products. It is clear that the observed
55% yield of (2, 1) products is not a statistical result, but instead is a consequence of the detailed dissociation dynamics.
We consider the possibility, then, that the dissociation follows the adiabats for the most part, and
that the nonadiabatic
coupling can be considered as
a perturbation. Nonadiabatic
behavior is expected to
arise when the spin-orbit
splittings between the adiabatic curves are not sufftciently strong to overcome
the coupling caused by motion of the recoiling 0 atoms. As suggested by Huang and Gordon [ 13 1, the
most likely nonadiabatic
mechanism is a Demkovtype transition
[33-351, where the recoil is fast
enough that the R dependence
of the spin-orbit
precession rate induces a transition between the adi-
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abats. This argument seems plausible when one compares the kinetic energy of the 0 atoms ( x 1.5 eV)
to the asymptotic 0.01-0.02 eV splittings between
the surfaces. The Demkov mechanism involves the
purely radial motion of the nuclei and will only mix
curves of common Q. (On the other hand, the rotational motion of the nuclei (&,,=0.002
eV for
N’=4) is quite unlikely to contribute to the nonadiabaticity.)
A rough estimate of the nonadiabatic
transition probability P?’ can be made with the aid
of the Demkov formula,
Pf, = f sech2(2n2H12/hv/3,)

.

(3)

Here, HI2 is the spin-orbit interaction between adiabatic surfaces, v is the magnitude of the recoil velocity vector, and /ID = aln HI2 (R) /aR. The Demkov
model assumes that the coupling between surfaces
increases (or falls) exponentially
with R; given this
assumption, a pair of interacting surfaces will have
a single, R-independent
value of fir, throughout the
curve-crossing region.
Using estimated values of /3u = 0.6 A-’ (see ref.
[13]) andHr2=$AV=0.01
eV,eq. (3)predictsthat
nonadiabatic
transitions for recoils with 1.5 eV occur 12.3% of the time. This probability is close to the
7% yield observed in the (2, 2) channel which, as
mentioned above, does not correlate to any of the
molecular states involved in the dissociation. Hence,
it seems reasonable that this channel is populated by
a nonadiabatic
transition in the recoupling region,
most likely from a surface which is adiabatically correlated to the (2, 1) channel, the channel which lies
closest to the (2, 2) channel. However, it is still difficult to explain the large yield of (2, 1) products observed in the experiment within the framework of
nonadiabatic
perturbations
to the adiabatic populations in table 1. Regardless of the detailed mechanism, one would expect the population
resulting
from such a perturbation to lie between the adiabatic
and statistical limits, both of which significantly underestimate the (2, 1) yield.
An alternative explanation for the differences between the third and fourth columns off table 1 is that
the adiabatic limit does not match the experimental
results because the relative contributions
of the various repulsive states assumed in table 1 are incorrect.
Specifically, Parkinson and co-workers [ 8,9] may
have underestimated
the strength of the coupling to
509

Volume 2 16, number

3,4,5,6

CHEMICAL

PHYSICS

the ‘l-I, and/or ‘l-I, surfaces. These are the two states
that correlate adiabatically to the (2, 1) limit. In a
recent study, Cosby et al. have reported linewidths
for the v’= 0 and u’= 2 levels of the B ‘C; state [ I2 1.
The combination of narrow linewidths and very poor
Franck-Condon
overlap with the X 3C, (u”=O)
state had prevented the accurate measurement
of
these linewidths in the earlier studies; this new study
provided fresh insight into the nature of strengths of
the couplings to the 311u and ‘II, states. These new
results led Parkinson and co-workers to revise their
earlier ‘l-I, potential in ref. [ 81 and, perhaps more
significantly, to increase their estimate of the spinorbit coupling matrix element A, from 33 cm- ’ to
41 cm-’ [ 91. Their revised prediction of the ‘II”
partial predissociation
width was used to derive the
adiabatic distribution
in the fourth column of table
1. Although, as indicated above, the agreement with
our observed (j,, jz) distribution
is not satisfactory,
it is considerably better than when their older values
[ 81 are used. In light of these recent developments,
it seems possible that not enough information can be
distilled from the observed B 3E; +-X 3.Z; line widths
and positions alone to determine quantitatively
the
nature of the curve crossings between all four repulsive curves and the B 3C; state, and that a further
upward revision of the ‘II, and ‘II, contributions
to
the predissociation
rate may be necessary.
The data indicate that the dissociation dynamics
are in an interesting intermediate regime between the
adiabatic and statistical behavior. The dissociation
is not so sudden that a statistical distribution
of fine
structure states arises, but it is rapid enough that
transitions between the Hund’s case (c) surfaces are
induced. Thus, the experimental
results contain information about both short-range dynamics (e.g., the
surprisingly strong peak in the (2, 1) channel); the
results also show the presence of long-range interactions, with the yield of ground state (2, 2) products providing a measure of the strength of nonadiabatic transitions.
In principle, correlated spinorbit distributions
such as the one reported here can
be used to study both the short-range and long-range
dynamics. Toward this end, a study of the v’ dependence of the correlated spin-orbit distributions
is in
progress.
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5. Conclusions
We have presented results from a fast beam photofragment translational
spectroscopy study of the
predissociation
of the O2 Schumann-Runge
B’C;
state. The relatively high-energy resolution of our coincidence time-and-position
sensitive detector ( 10
meV for 1.5 eV recoils) allowed us to resolve the
spin-orbit
levels of the 3Pjl, 3P,2 product states. We
find that the observed (j,, j,) distribution
is not
completely consistent with dissociation
along the
adiabatic Hund’s case (c) curves. Instead, some of
the dissociation events involve nonadiabatic
curve
crossings. However, the structure in the observed (j,,
j,) distribution
is also inconsistent with completely
statistical distribution. For this reason, it seems likely
that the recent analyses of Parkinson and co-workers
[ 8,9] have underestimated
the strength of the coupling of the ‘II, and ‘I’Iu states.
The final state distribution presents an interesting
picture, showing in part the signature of the initial
dissociation mechanism, but also carrying information about long-range interactions. A theoretical calculation of the detailed long-range dynamics of the
Schumann-Runge
B 3E; predissociation system and
related O2 dissociation systems will be required to
fully account for the observed spin-orbit
distributions. An experimental
study of the spin-orbit
distribution as a function of the B 3Z; state vibrational
level is in progress. These results should permit the
unraveling of the short-range predissociation
mechanism from the long-range exit channel interactions.
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