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The photodissociation dynamics of allyl chloride at 235 nm producing atomic Cl(2PJ ;J
51/2,3/2) fragments is investigated using a two-dimensional photofragment velocity ion imaging
technique. Detection of the Cl(2P1/2) and Cl(2P3/2) products by @211# resonance enhanced
multiphoton ionization shows that primary C–Cl bond fission of allyl chloride generates 66.8%
Cl(2P3/2) and 33.2% Cl(2P1/2). The Cl(2P3/2) fragments evidenced a bimodal translational energy
distribution with a relative weight of low kinetic energy Cl(2P3/2)/high kinetic energy Cl(2P3/2) of
0.097/0.903. The minor dissociation channel for C–Cl bond fission, producing low kinetic energy
chlorine atoms, formed only chlorine atoms in the Cl(2P3/2) spin–orbit state. The dominant C–Cl
bond fission channel, attributed to an electronic predissociation that results in high kinetic energy Cl
atoms, produced both Cl(2P1/2) and Cl(2P3/2) atomic fragments. The relative branching for this
dissociation channel is Cl(2P1/2)/@Cl(2P1/2)1Cl(2P3/2)#535.5%. The average fraction of available
energy imparted into product recoil for the high kinetic energy products was found to be 59%, in
qualitative agreement with that predicted by a rigid radical impulsive model. Both the spin–orbit
ground and excited chlorine atom angular distributions were close to isotropic. We compare the
observed Cl(2P1/2)/@Cl(2P1/2)1Cl(2P3/2)# ratio produced in the electronic predissociation channel
of allyl chloride with a prior study of the chlorine atom spin–orbit states produced from HCl
photodissociation, concluding that angular momentum recoupling in the exit channel at long
interatomic distance determines the chlorine atom spin–orbit branching. ©2004 American
Institute of Physics.@DOI: 10.1063/1.1812757#

I. INTRODUCTION

Alkyl and alkenyl halides have played an important role
in the understanding of photodissociation dynamics of poly-
atomic organic molecules. They are also convenient precur-
sors for the generation of specific hydrocarbon radical
isomers.1–3 After excitation by a UV photon, either carbon-
halogen bond fission or molecular hydrogen halide elimina-
tion can occur. The mechanism for the carbon-halogen fis-
sion channel includes a competition between internal
conversion to high vibrational levels of the electronic ground
state and a mechanism involving curve crossing from the
initially accessed electronic excited state to a state repulsive
along the carbon–halogen bond. The latter produces high
kinetic energy halogen atoms, while the former generates
low kinetic energy halogen atoms. Measuring the angular
and velocity distributions as well as the spin–orbit branching
ratios for the atomic halogen fragments serves as a powerful
probe of the dissociation dynamics. Lab velocity distribu-
tions for the atomic fragments determine the internal energy
distributions of the nascent radical cofragments and can
probe the character of the dissociative states and the interac-
tions in the exit channels. Angular distributions can provide
information about the ground-state conformation and the
symmetry and lifetime of the parent dissociative excited
states.

Previous photofragment translational spectroscopy ex-
periments in our group on the photodissociation of allyl chlo-
ride at 193 nm have identified two C–Cl bond fission

pathways.2,3 C–Cl fission that released a large fraction of the
total available energy into product recoil was attributed to a
mechanism involving predissociation via a singletns* re-
pulsive state after excitation to the dominantpp* state~with
some admixture ofns* character in the adiabatic electronic
configuration in the Franck–Condon region!. Internal con-
version from the initially excitedpp* state to the vibra-
tionally excited ground state was proposed to be responsible
for the minor C–Cl fission channel. The angular distribution
of the recoiling chlorine fragments was also measured to be
slightly anisotropic, and perpendicular in character. The
spin–orbit fine structure states of the chlorine products could
not be distinguished in those experiments due to the limited
selectivity of electron bombardment ionization and tunable
vacuum ultraviolet photoionization detection.

In this study we employ the two-dimensional photofrag-
ment velocity-map imaging technique to investigate the pri-
mary C–Cl bond fission dynamics of allyl chloride at 235
nm. Using @211# resonance-enhanced multiphoton ioniza-
tion ~REMPI!, we state selectively ionize the Cl(2P3/2) and
Cl(2P1/2) fragments. The translational energy distributions
and recoil anisotropies of the photoproducts are extracted
from the ion images. The spin–orbit branching ratio between
the two spin–orbit states is also determined. Results from
this study qualitatively agree with our previous studies at 193
nm but are significantly different from those obtained in a
prior study by Park, Lee, and Jung,4 where they utilized simi-
lar methodology and the same wavelengths as ours to disso-
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ciate allyl chloride and to probe the Cl atom photofragments.
Three allyl chloride excited state predissociation channels
producing Cl(2PJ ;J51/2,3/2) were proposed in their study,
with the low-kinetic energy component attributed to internal
conversion from thepp* state to the vibrationally hot
ground state and the medium and high-kinetic energy com-
ponents produced via curve crossings between the bound
pp* state and the dissociativeps* and1ns* states, respec-
tively. The angular distributions were observed to be almost
isotropic and the spin–orbit fine-structure branching ratio
Cl(2P1/2)/Cl(2P3/2) was determined to be 0.50.

II. EXPERIMENT

The experimental apparatus used in this work has been
described previously.5–7 The molecular beam is formed by
expanding 500 Torr of helium containing about 10% allyl
chloride vapor~allyl chloride is purchased from Aldrich with
a stated purity 99%, and used without further purification!
through a pulsed valve~General Valve! with 0.6 mm orifice
which is typically driven by a voltage pulse~220–350ms, 20
Hz!. The operation of the valve is synchronized with the
laser pulses. After passing through a skimmer located;20
mm downstream from the nozzle, the molecular beam travels
another 51 mm to the center of the reaction chamber. The
main chamber base pressure is 431028 Torr. The 532 nm
output of a Nd:YAG~yttrium aluminum garnet! laser~Con-
tinuum! is used to pump a dye laser~Lambda Physik,
FL3002, LDS698 dye! which generates visible radiation in
the region of 675–715 nm. The dye laser output is frequency
doubled in a potassium dihydrogen phosphate crystal and the
resulting 353 nm light is mixed with the 706 nm fundamental
in a BBO ~b-barium borate! crystal to produce the 235 nm
UV radiation. The 235 nm light is linearly polarized along an
axis vertically perpendicular to the molecular beam and par-
allel to the detector surface. The power is reduced to;1.25
mJ/pulse to minimize Coulomb repulsion between the ions
formed in the interaction region. A focusing lens~109 focal
length! is inserted in front of the main chamber window to
focus the laser light into the reaction region.

In a one-color experiment, parent molecules are dissoci-
ated by the 235 nm laser and the Cl(2P1/2) and Cl(2P3/2)
fragments are ionized via@211# REMPI at 235.20 nm
(4p 2P1/2←3p 2P1/2) and 235.34 nm (4p 2D3/2←3p 2P3/2),
respectively.8 The spherically expanding Cl(2P1/2)/Cl(2P3/2)
ion clouds are then accelerated toward a two-dimensional
position-sensitive detector by an electrical ion lens assembly6

with a repeller voltage of 2000 V and extractor voltage of
1424 V. After flowing through the;577 mm time-of-flight
drift region, the ions strike the detector~Burle 3040FM!
which consists of a chevron multichannel plate~MCP!
coupled with aP20 phosphor screen by fiber optics. In order
to detect only the ions of interest, the front plate of the MCP
is pulsed to2500 V at the appropriate arrival time with a
pulse width of 150 ns. The phosphor screen is maintained at
2.5 kV above the potential of the rear MCP plate. Images
appearing on the phosphor screen are recorded by a 1376
31040 pixel charge-coupled device camera~LaVision Im-
ager 5! with a standard 35 mm camera lens~Nikon!. Each
image is constructed by accumulating signals from'6000

laser shots, and scanning the laser wavelength over the entire
Doppler profile of the detected species. Background counts
generated by the laser light alone~molecular beam off! are
subtracted.

III. RESULTS AND ANALYSIS

This experiment investigates the C–Cl bond fission
channels of allyl chloride at 235 nm photodissociation, re-
solving the branching between the Cl(2P1/2) and Cl(2P3/2)
products for both the high-kinetic energy and the low-kinetic
energy dissociation channels using@211# REMPI detection.
The G3//B3LYP bond energy is 68.0 kcal/mol,9 so the energy
available to partition into product recoil translational energy
and internal energy of the nascent product allyl radical and
chlorine atom spin–orbit energy is 53.5 kcal/mol~neglecting
the small initial vibrational energy of the parent molecule!.
As the experiment is a one-color process, the photolysis
wavelength changes slightly with the spin–orbit state of the
chlorine atoms probed. The detection of Cl(2P3/2) and
Cl(2P1/2) products using several REMPI lines in this region
indicates that both the translational energy and the angular
distributions are insensitive to the particular photolysis
wavelength, confirming that the photodissociation dynamics
does not change dramatically with wavelength over this nar-
row range. A power study on the production of the Cl frag-
ment qualitatively confirmed that photodissociation of allyl
chloride at 235 nm is a one-photon process.

A. Translational energy distributions

Raw images of the Cl(2P3/2) and Cl(2P1/2) photofrag-
ments are shown in Fig. 1 with the laser polarization direc-
tion in the vertical axis. The Cl(2P1/2) image displays only a
high recoil kinetic energy channel, while the Cl(2P3/2) image
shows two velocity components of the Cl atom product, with
an intense high-kinetic energy component resembling that of
the Cl(2P1/2) image and some low-kinetic energy signal dis-
tributed close to the center. The images have been recon-
structed to three-dimensional scattering distributions using
the Gaussian basis-set expansion Abel transformation
method developed by Dribinskiet al.10 The speed distribu-
tions of the Cl(2PJ ;J51/2,3/2) products are extracted by
integrating the three-dimensional speed distributions over all
solid angles at each speed and the total center-of-mass trans-
lational energy distributions,P(ET)’s, are derived from the
Cl(2PJ ;J51/2,3/2) atom speed distributions using conserva-
tion of momentum and correcting for the appropriate Jaco-
bian. The results are presented in Fig. 2. The allyl
1Cl(2P1/2) translational energy distribution@Fig. 2~b!#,
showing only a single fast component, can be well charac-
terized by a Gaussian function peaking at 30.2 kcal/mol with
a full width at half maximum~FWHM! of 8.6 kcal/mol. The
bimodal translational energy distribution based on the allyl
1Cl(2P3/2) product can also be fit by two Gaussian func-
tions @Fig. 2~a!#. The high-translational energy part peaks at
30.0 kcal/mol and the broad low-kinetic energy component is
centered at 5.9 kcal/mol. The fractions for the high- and low-
translational energy components in the Cl(2P3/2) data are
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determined to be 90.3% and 9.7%, respectively, calculated
from the areas under the fitted curves of the allyl
1Cl(2P3/2)P(ET).

B. Chlorine atom angular distributions

The use of a linearly polarized laser to photolyze allyl
chloride molecule and probe the Cl(2PJ ;J51/2,3/2) atomic
fragment with the same laser beam yield the product recoil
angular distributions shown in Figs. 3 and 4. The Cl(2P1/2)
angular distribution ~Fig. 4! is fit using the following
expression:11

I ~u!}11bP2~cosu!, ~1!

whereu is the angle between the product recoil velocity and
the polarization axis of the photolysis laser.I (u) is the inte-
grated signal over a certain speed range at angleu and
P2(cosu) is the second-order Legendre polynomial. An an-
isotropy parameterb of 0.0660.01 is obtained for Cl(2P1/2)
with the signal integrated over the speed range of
1700;2400 m/s, indicating a nearly isotropic distribution.
The angular distribution for the ground state chlorine~Fig.

3!, however, cannot be fit by the above equation. The
Cl(2P3/2) atoms, havingJ.1/2, may have an alignedmJ

distribution that can influence the efficiency of the linearly
polarized REMPI process.12–15The detected Cl(2P3/2) angu-
lar distribution in Fig. 3 is thus fit by

I ~u!}11b2P2~cosu!1b4P4~cosu!. ~2!

Note that the coefficientb2 in the above equation is influ-
enced by the laboratory frame quadrupole alignmentA0 as
well as the photofragment angular distribution, therefore is
not equal to the spatial anisotropy parameterb in Eq. ~1!.
The relationship is given in Eqs.~9!–~13! in Ref. 15. Thus
b2 cannot be used to characterize the product recoil anisot-
ropy. Two different set ofbx parameters are obtained from
the Cl(2P3/2) angular distribution: one corresponding to the
low-kinetic energy component with the Cl(2P3/2) speed be-
low 1335 m/s@Fig. 3~a!# and the other representing the high-
kinetic energy component with the speed between 1500 and
2400 m/s@Fig. 3~b!#. The parameters areb250.4760.02
and b450.3460.02 for the low-kinetic energy component
andb250.1660.01 andb450.0660.01 for the high-kinetic
energy component.

FIG. 1. Raw images of~a! Cl(2P3/2) obtained with dissociation and probe at
235.336 nm via the 4p 2D3/2←3p 2P3/2 transition; ~b! Cl(2P1/2) obtained
with dissociation and probe at 235.205 nm via the 4p 2P1/2←3p 2P1/2 tran-
sition. The laser polarization is along the vertical direction in the plane of
the images. Each image consists of 8613861 pixels and is constructed by
accumulating signals from'6000 laser shots. The distance of 1 cm on the
phosphor screen corresponds to the width of 221.6 pixels in the images and
1310 m/s Cl atom recoil velocity.

FIG. 2. Allyl1Cl(2PJ ;J51/2,3/2) center-of-mass translational energy dis-
tributions derived from Fig. 1:~a! allyl1Cl(2P3/2); ~b! allyl1Cl(2P1/2).
The distribution derived from the experimental data are shown in open
circles; the solid lines show full fits to the translational energy distributions
and the dashed lines indicate the Gaussian fits to the low- and high-kinetic
energy components of Cl(2P3/2).
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C. Spin–orbit branching ratio

REMPI detection of Cl(2P3/2) and Cl(2P1/2), respec-
tively, allows us to determine the relative population of the
fine-structure states of the fragment chlorine atoms. Since the
Cl(2P3/2) and Cl(2P1/2) atoms are probed at very similar
one-color REMPI wavelengths with the same laser power,
the influence of photolysis and ionization photon intensity on
the spin–orbit branching ratio can be ruled out. The slight
difference between photodissociation cross sections at these

wavelengths can also be neglected. The relative REMPI de-
tection efficiencies,16–20 however, must be accounted for.
Liyanageet al.16 determined the relative line strength for the
4p 2P1/2←3p 2P1/2 and 4p 2D3/2←3p 2P3/2 transitions to be
0.8560.10. The spin–orbit branching ratio of the Cl(2P3/2)
and Cl(2P1/2) products can therefore be obtained by integrat-
ing the ion signal intensity over the entire velocity range of
the chlorine images, scaled by the relative line strength. The
Cl(2P3/2)/Cl(2P1/2) ion signal intensity ratio has been mea-
sured to be 1.7160.15. Therefore a value of 2.0160.17 is
determined for the relative population of the
Cl(2P3/2)/Cl(2P1/2) photofragments and the resultant quan-
tum yields are F@Cl(2P3/2)#50.66860.020 and
F@Cl(2P1/2)#50.33260.020. In addition to the spin–orbit
branching fraction, the Cl atom product population distribu-
tions were also subdivided according to the relative amounts
of the low- and high-kinetic energy components, obtained
from the fit to theP(ET)’s. As a result, the branching ratio of
~low-kinetic energy C–Cl fission channel!:~high-kinetic en-
ergy C–Cl bond fission channel! is 0.065:0.935.

IV. DISCUSSION

Our data at 235 nm evidences a competition between a
minor internal conversion channel for C–Cl bond fission,
resulting in low kinetic energy Cl(2P3/2) products, and a
dominant electronic predissociation channel that produces
both Cl(2P1/2) products and Cl(2P3/2) products with high
recoil kinetic energies. The kinetic energy distributions mea-
sured in this study are quite different from the one other
reported study at 235 nm, by Park, Lee, and Jung.4 We pre-
sume that study is in error as the relative contributions of the
high-kinetic energy channel and the low-kinetic energy chan-
nel reported here are quite similar to those measured in mo-
lecular beam photofragmentation experiments3 at 193 nm
with tunable vacuum ultraviolet photoionization detection of
the chlorine atom and its momentum-matched primary and
secondary coproducts.

The peak positions of the translational energy release
distributions for the C–Cl bond fission producing Cl(2P1/2)
and the fast component of Cl(2P3/2) are very similar to each
other ~;30.0 kcal/mol!. However, the distribution for
Cl(2P1/2) is considerably narrower than that of the fast
Cl(2P3/2). They have 8.6 and 13.0 kcal/mol FWHM, respec-
tively. Previous photodissociation studies of allyl chloride2,3

have identified these high-kinetic energy C–Cl bond fission
channels as predissociation of the photopreparedpp* state
by a nearby singletns* state~or a ps* state at nonplanar
geometries!. The repulsive nature of the potential energy sur-
face at longer C–Cl internuclear separations thus predicts a
large energy release into product recoil. The amount of ki-
netic energy release can be explained by a simple impulsive
model.21 There are two limiting cases of this impulsive
model. The ‘‘soft radical’’ impulsive model assumes that
upon initial bond rupture, momentum conservation is com-
pletely localized between the bonded carbon and chlorine
atoms; energy redistribution between the recoiling C atom
and the internal mode of the forming radical is achieved
subsequently as the carbon collides with the other atoms in

FIG. 3. Fits for Cl(2P3/2) fragment angular distribution:~a! low-kinetic
energy component with the speed range 0–1335 m/s,b250.4760.02, b4

50.3460.02; ~b! high-kinetic energy component with the speed range
1500–2400 m/s,b250.1660.01,b450.0660.01.

FIG. 4. Fit for Cl(2P1/2) fragment recoil anisotropy. Signal is integrated
over the speed range of 1700–2400 m/s,b50.0660.01.
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the radical moiety. In this picture, the fraction of the avail-
able energy partitioned into product recoil is given by

f T,soft5
ma

m f
, ~3!

wherema is the reduced mass of Cl and the adjacent C atom
and m f is the reduced mass of the allyl radical and the Cl
atom. For allyl chloride,f T,soft is calculated to be 0.47. It
must be pointed out thatf T,soft obtained from the soft radical
model is the lower limit for the fraction of translational en-
ergy release assuming an impulsive recoil. Another ‘‘rigid
radical’’ model postulates that during the C–Cl bond fission
process, the allyl radical remains rigid with no internal vi-
brations excited. A repulsive kick provided by the recoiling
Cl atom at the end carbon atom generates rotational energy
in the forming allyl radical fragment. In this model, the frac-
tion of energy released as translation is

f T,rigid5
I

I 1m f r cm
2 sin2 x

, ~4!

wherer cm5urYcmu, rYcm is the vector from the alpha carbon to
the allyl radical moiety’s center of mass in the molecule;I is
the moment of inertia of the allyl radical moiety about an
axis perpendicular to the plane defined by the C–Cl bond
andrYcm, andx is the angle between the C–Cl bond andrYcm.
There are two conformers for allyl chloride:cis andgauche,
with their equilibrium geometries calculated by Duriget al.22

The f T,rigid values predicted using the equilibrium geometries
of thecis andgaucheconformers are extremely close to each
other; the rigid radical impulsive limit prediction for the frac-
tion of the total available energy partitioned to product trans-
lation is 0.605 f T,rigid . In this limit, there is no vibrational
excitation of the molecular fragment, sof T,rigid should be the
upper bound for the fraction of available energy released as
translational energy. The experimentally measuredf T at 235
nm for the channel that proceeds via electronic predissocia-
tion by a state repulsive in the C–Cl bond and produces
Cl(2P1/2) is 0.59, quite close to the prediction of the rigid
radical limit. This suggests that the torque exerted on the
allyl moiety at the curve crossing is similar to that predicted
from the equilibrium geometry. In contrast, Mortonet al.3

observed anf T of 0.50 at 193 nm photodissociation of allyl
chloride, indicating that the fast allyl radicals produced from
193 nm photolysis are vibrationally more excited than those
from 235 nm dissociation.

As discussed in Sec. III, since product alignment is in-
corporated into the detected angular distribution of
Cl(2P3/2), thebx parameters cannot be directly used to char-
acterize the nature of parent molecule excitation and disso-
ciation. Nevertheless, the angular distribution for spin–orbit
excited state chlorine can be used to determine the spatial
anisotropy parameterb. The measured anisotropy parameter
b for Cl(2P1/2) equals to 0.06, suggesting a slightly parallel
excitation. This is inconsistent with the result of Myers
et al.;2 where they observed slight perpendicular anisotropy
for C–Cl bond fission withb520.1. The discrepancy is not
surprising, however, since Myerset al. used a 193 nm pho-
ton to dissociate allyl chloride in their study while we used a

235 nm photon. Different excitation energies can cause
variations in the direction of the electronic transition dipole
moment, the geometry of the excited state molecule as it
evolves toward electronic predissociation, and the predicted
angular distribution for both thecis andgaucheconformers.
In contrast to the photodissociation of alkyl iodide at 266 nm
and methyl chloride at 193 nm, where the dominant transi-
tion dipole moment lies along the C–X bond and the halogen
atom product recoils with a parallel angular
distribution,21,23,24the case of allyl chloride is more compli-
cated due to the CvC chromophore. Emission spectroscopy
of allyl chloride at 199 nm evidences an admixture of the
dominantpCvC character with somesC–Cl* character in the
Franck-Condon region upon electronic excitation,25 indicat-
ing that the transition dipole moment is no longer along the
C–Cl bond and dependent on the allyl chloride conforma-
tion. The anisotropy parameter can therefore be deemed to be
a weighted average of the predictedb values from various
conformers. Myers estimated this weighted average to be 0.0
assuming that the transition dipole moment is along the
CvC bond and assuming photoexcitation of the molecule
does not alter the C–Cl bond direction before dissociation
and bothcis andgaucheconformers contribute equally to the
C–Cl bond fission. Ab value of zero corresponds to an iso-
tropic angular distribution. Although this picture qualita-
tively interprets the low anisotropy of the product recoil in
the 235 nm photodissociation of allyl chloride, it does not
include the differences in the nature of the excited state for
the two conformers revealed in the work by Browning
et al.25

Our experiment reveals that Cl(2P1/2) fragments are less
abundant than the Cl(2P3/2) products, with a total quantum
yield of 33.2%, in good agreement with that reported by Park
et al.4 However, Parket al. observed low kinetic energy Cl
atoms produced in both the Cl(2P1/2) and Cl(2P3/2) states
while our study shows this channel only produces Cl atoms
in the Cl(2P3/2) state. We do not understand the discrepancy
between the two studies, done at the same wavelength with
similar methodology, so we proceed with discussing our re-
sults independent of theirs. A minor portion~6.5%! of all the
C–Cl bond fission events in our study is observed to impart
low translational energy into product recoil, in reasonable
agreement with the findings of Mortonet al.3 ~3%!, consid-
ering the difference in excitation energy. Internal conversion
from the photopreparedpp* state to the vibrationally hot
ground state and subsequent bond dissociation is proposed to
be responsible for this low-kinetic energy channel. The low-
kinetic energy C–Cl bond fission channel produces only
Cl(2P3/2), as the electronic ground state of allyl chloride
asymptotically correlates to spin–orbit ground state chlorine.

Anisotropy parameters and spin–orbit branching frac-
tions for the resolved fine-structure states of open-shell
atomic fragments from photodissociation of diatomic mol-
ecules or simple alkyl halides such as HCl and CH3Cl can be
predicted by considering the nonadiabatic transitions be-
tween the potential energy surfaces at longR– Cl
distances.17,23,26–28For instance, in the photofragmentation
of HCl within the excitation energy range of 40 000–70 000
cm21, the oscillator strength is carried primarily by the
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1P(1) state in the Franck-Condon region, which correlates
adiabatically with the lower Cl spin–orbit state (2P3/2). If
the C–Cl bond rupture proceeds adiabatically via the repul-
sive 1P(1) state, then one should expect to see a negligible
amount of Cl(2P1/2). Lambert, Dagdigian, and Alexander29

have performed theoretical calculations and experimental
measurements of the spin–orbit branching in the photodisso-
ciation of HCl in the above energy range. They observed a
significant amount of Cl(2P1/2) and a strong dependence of
the spin–orbit branching on the photoexcitation energy. This
suggests that nonadiabatic transition from the initially popu-
lated1P(1) state to the nearby3S(1) state, which correlates
to the excited-state channel, is also involved in the photodis-
sociation process. Since the nonadiabatic curve crossing
probability increases with the translational energy of the re-
coiling photofragments, one should anticipate the branching
fraction for excited-state Cl to approach the statistical limit
of 1/3 with increasing excitation wave number. The theory
also predicts that for HCl dissociation, but not DCl, the
Cl(2P1/2) branching fraction increases from zero at a low
excitation energy~the threshold to energetically access the
upper spin–orbit state of Cl! to a value above 1/3 and then
regress toward 1/3. The high value at intermediate photon
energy is confirmed in the experimental results in Lambert’s
study. ~However, they use a line strength factor different
from ours, that gives higher Cl(2P1/2) yields.! Note that un-
like the more familiar curve crossing process in methyl io-
dide, where the polyatomic analog of the1P(1) and the
3P(0) curves determine the branching between I atom spin-
orbit states in the 266 nm photodissociation, the interaction
between these states in HCl/DCl is negligible.

Although allyl chloride photodissociation is not initiated
on a repulsive potential energy surface, we have assumed
that the pp* excited state is predissociated by a
1ns* (C–Cl) diabat, which is analogous to the optically
bright 1P(1) state of HCl. However, considering the much
heavier reduced mass of allyl chloride than HCl, it would be
more appropriate to compare our experimental results on al-
lyl chloride with the theoretical prediction of DCl and to
extrapolate that to an even larger reduced mass. Lambert
et al.29 predicted a significantly smaller product branching
into the upper spin–orbit state of DCl than HCl due to its
lesser tendency to undergo nonadiabatic transitions with
heavier reduced mass. At the photolysis wavelength of 235.3
nm ~42 544 cm21!, the Cl(2P1/2) branching fraction is calcu-
lated to be about 0.13 for DCl. If the branching fraction of
allyl chloride is determined in a similar manner, the2P1/2

state should be even less populated than that of DCl, since
the nonadiabatic transition probability for allyl chloride is
lower as a result of its even heavier reduced mass. In con-
trast, our experimentally measured branching fraction of
Cl(2P1/2)/@Cl(2P1/2)1Cl(2P3/2)# for allyl chloride is 0.355
for the high recoil kinetic energy channel following 235 nm
photodissociation, much higher than the theoretical predic-
tion of DCl, but somewhat close to the statistical limit of
0.33. This leads us to infer that the photodissociation of allyl
chloride does not proceed in the same way as HCl/DCl. In
those systems, recent time-dependent calculations30 have
suggested that the spin–orbit branching fraction is deter-

mined by a nonadiabatic transition from the repulsive1P(1)
adiabat to the3S1(1) potential energy surface starting at an
internuclear distance of around 4 bohrs and a subsequent
transfer of flux to the3P(1) adiabat in the region of 6–8
bohrs~see Fig. 5!. In allyl chloride, however, we infer that
the angular momentum recoupling26–28 that results in transi-
tion between potential energy surfaces correlating to the
allyl1Cl(2P1/2) and allyl1Cl(2P3/2) asymptotes occurs in
the region where the energy difference is comparable to the
Cl(2P3/2)/Cl(2P1/2) spin–orbit splitting, therefore giving a
nearly statistical Cl(2P1/2) branching fraction of 0.355 for
the high recoil kinetic energy channel in the 235 nm photo-
dissociation of allyl chloride. This is consistent with our ob-
servation of very similar kinetic energy distributions for the
Cl(2P1/2) and Cl(2P3/2) products in the high recoil kinetic
energy channel, both peaking at 30 kcal/mol, since the ki-
netic energy release has been largely determined at the stage
when the spin–orbit recoupling occurs.
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