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C—ClI bond fission dynamics and angular momentum recoupling
in the 235 nm photodissociation of allyl chloride
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The photodissociation dynamics of allyl chloride at 235 nm producing atomi¢Pgj(
=1/2,3/2) fragments is investigated using a two-dimensional photofragment velocity ion imaging
technique. Detection of the CGI,,) and CI¢P,) products by[2+1] resonance enhanced
multiphoton ionization shows that primary C—CI bond fission of allyl chloride generates 66.8%
CI(?P4,) and 33.2% CIi{P,;,). The CI¢P;,) fragments evidenced a bimodal translational energy
distribution with a relative weight of low kinetic energy €Rz,)/high kinetic energy CRP5/,) 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®¥,,) spin—orbit state. The dominant C—Cl
bond fission channel, attributed to an electronic predissociation that results in high kinetic energy ClI
atoms, produced both CGIR,,) and CIPP;,) atomic fragments. The relative branching for this
dissociation channel is GIP,,,)/[ CI(?P,,,) + CI(?P3,) ]=35.5%. 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 CRP,,,)/[ CI(?P4,,) + CI(?P3,)] ratio produced in the electronic predissociation channel

of allyl chloride with a prior study of the chlorine atom spin—orbit states produced from HCI
photodissociation, concluding that angular momentum recoupling in the exit channel at long
interatomic distance determines the chlorine atom spin—orbit branching20@@ American
Institute of Physics.[DOI: 10.1063/1.1812757

I. INTRODUCTION pathways C—Cl fission that released a large fraction of the
_ ) total available energy into product recoil was attributed to a
Alkyl and alkenyl halides have played an important role j,achanism involving predissociation via a singet* re-

in the understanding of photodissociation dynamics of pOIV'puIsive state after excitation to the dominant* state(with

atomic organic molecules. They are also convenient preCuis, e aqmixture ofio* character in the adiabatic electronic
sors for the generation of specific hydrocarbon radica

- o :
) _3 o . configuration in the Franck—Condon regiofnternal con-
isomers. After. e>§C|tat|on by a UV photon, e”h‘?f car_bqn version from the initially excitedm#* state to the vibra-
halogen bond fission or molecular hydrogen halide elimina. . .
. . . tionally excited ground state was proposed to be responsible
tion can occur. The mechanism for the carbon-halogen fis:

) . o ; for the minor C—Cl fission channel. The angular distribution
sion channel includes a competition between interna f th i hlorine f i | dtob
conversion to high vibrational levels of the electronic ground0 € recotling chiorin€ fragments was also measured o be

state and a mechanism involving curve crossing from theSIightly a_mi_sotropic, and perpendicular i'.ﬁ' character. The
initially accessed electronic excited state to a state repulsivePN—0rbit fine structure states of the chlorine products could
along the carbon—halogen bond. The latter produces higHOt be_ qllstmgwshed in those experlm_enf[s d_ue to the limited
kinetic energy halogen atoms, while the former generate§e|eCt'V'ty of glectron bo.mb'ard.ment |0n|gat|on and tunable
low kinetic energy halogen atoms. Measuring the angula¥@cuum ultraviolet photoionization detection.
and velocity distributions as well as the spin—orbit branching !N this study we employ the two-dimensional photofrag-
ratios for the atomic halogen fragments serves as a powerfifi€nt velocity-map imaging technique to investigate the pri-
probe of the dissociation dynamics. Lab velocity distriou-mary C—Cl bond fission dynamics of allyl chloride at 235
tions for the atomic fragments determine the internal energM- Using[2+1] resonance-enhanced multiphoton ioniza-
distributions of the nascent radical cofragments and cafion (REMP), we state selectively ionize the €R;,) and
probe the character of the dissociative states and the intera€l(°P12) fragments. The translational energy distributions
tions in the exit channels. Angular distributions can provideand recoil anisotropies of the photoproducts are extracted
information about the ground-state conformation and thdrom the ion images. The spin—orbit branching ratio between
symmetry and lifetime of the parent dissociative excitedthe two spin—orbit states is also determined. Results from
states. this study qualitatively agree with our previous studies at 193
Previous photofragment translational spectroscopy exAm but are significantly different from those obtained in a
periments in our group on the photodissociation of allyl chlo-prior study by Park, Lee, and Jufigyhere they utilized simi-
ride at 193 nm have identified two C—CI bond fissionlar methodology and the same wavelengths as ours to disso-
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ciate allyl chloride and to probe the Cl atom photofragmentslaser shots, and scanning the laser wavelength over the entire
Three allyl chloride excited state predissociation channel®oppler profile of the detected species. Background counts
producing CIEP;;J=1/2,3/2) were proposed in their study, generated by the laser light alofmolecular beam offare

with the low-kinetic energy component attributed to internalsubtracted.

conversion from thewn* state to the vibrationally hot

ground state and the medium and high-kinetic energy com-

ponents produced via curve crossings between the bound

ma* state and the dissociativec* and'ng* states, respec- !l RESULTS AND ANALYSIS

tively. The angular distributions were observed to be almost

) . ) o : . This experiment investigates the C—Cl bond fission
isotropic and the spin—orbit fine-structure branching ratlochannels of allvl chloride at 235 nm photodissociation. re-
CI(2P,;,)/CI(2P4;,) was determined to be 0.50. Y b '

solving the branching between the &m;,,) and CIPP3,)
products for both the high-kinetic energy and the low-kinetic
energy dissociation channels usirgs-1] REMPI detection.
The experimental apparatus used in this work has beefhe G3//B3LYP bond energy is 68.0 kcal/nfap the energy
described previousfy.” The molecular beam is formed by available to partition into product recoil translational energy
expanding 500 Torr of helium containing about 10% allyl and internal energy of the nascent product allyl radical and
chloride vapor(allyl chloride is purchased from Aldrich with  chlorine atom spin—orbit energy is 53.5 kcal/nteéglecting
a stated purity 99%, and used without further purification the small initial vibrational energy of the parent molegule
through a pulsed valvéGeneral Valve with 0.6 mm orifice  As the experiment is a one-color process, the photolysis
which is typically driven by a voltage pul$820-350us, 20  wavelength changes slightly with the spin—orbit state of the
Hz). The operation of the valve is synchronized with thechlorine atoms probed. The detection of %Hg,) and
laser pulses. After passing through a skimmer locat@®  CI(?P,,,) products using several REMPI lines in this region
mm downstream from the nozzle, the molecular beam travelghdicates that both the translational energy and the angular
another 51 mm to the center of the reaction chamber. Thdistributions are insensitive to the particular photolysis
main chamber base pressure ix %0 8 Torr. The 532 nm  wavelength, confirming that the photodissociation dynamics
output of a Nd:YAG(yttrium aluminum garnetlaser(Con-  does not change dramatically with wavelength over this nar-
tinuum) is used to pump a dye lasdiambda Physik, row range. A power study on the production of the Cl frag-
FL3002, LDS698 dyewhich generates visible radiation in ment qualitatively confirmed that photodissociation of allyl
the region of 675—-715 nm. The dye laser output is frequencyghloride at 235 nm is a one-photon process.
doubled in a potassium dihydrogen phosphate crystal and thE Translational distributi
resulting 353 nm light is mixed with the 706 nm fundamental” ransiational energy distributions
in a BBO (B-barium boratg crystal to produce the 235 nm Raw images of the C#P,) and CI¢P,,,) photofrag-
UV radiation. The 235 nm light is linearly polarized along an ments are shown in Fig. 1 with the laser polarization direc-
axis vertically perpendicular to the molecular beam and partion in the vertical axis. The ClP,,,) image displays only a
allel to the detector surface. The power is reduced-1025  high recoil kinetic energy channel, while the €m,,) image
mJ/pulse to minimize Coulomb repulsion between the ionshows two velocity components of the Cl atom product, with
formed in the interaction region. A focusing lefl)’ focal  an intense high-kinetic energy component resembling that of
length is inserted in front of the main chamber window to the CI¢P,,,) image and some low-kinetic energy signal dis-
focus the laser light into the reaction region. tributed close to the center. The images have been recon-
In a one-color experiment, parent molecules are dissocistructed to three-dimensional scattering distributions using
ated by the 235 nm laser and the %R(,;) and CI¢Pg,) the Gaussian basis-set expansion Abel transformation
fragments are ionized vid2+1] REMPI at 235.20 nm method developed by Dribinskit al1° The speed distribu-
(4p2Pyp—3p 2Py and 235.34 nm (B2D4—3p2Pgy),  tions of the CIEP,;J=1/2,3/2) products are extracted by
respectively The spherically expanding CIP,,,)/CI(?Pg,,) integrating the three-dimensional speed distributions over all
ion clouds are then accelerated toward a two-dimensionaolid angles at each speed and the total center-of-mass trans-
position-sensitive detector by an electrical ion lens assémblylational energy distributions?(E+)’s, are derived from the
with a repeller voltage of 2000 V and extractor voltage of CI(?P;;J=1/2,3/2) atom speed distributions using conserva-
1424 V. After flowing through the~577 mm time-of-flight tion of momentum and correcting for the appropriate Jaco-
drift region, the ions strike the detectd@Burle 3040FM  bian. The results are presented in Fig. 2. The allyl
which consists of a chevron multichannel plat®ICP) +CI(?Py,,) translational energy distributiofiFig. 2(b)],
coupled with aP20 phosphor screen by fiber optics. In order showing only a single fast component, can be well charac-
to detect only the ions of interest, the front plate of the MCPterized by a Gaussian function peaking at 30.2 kcal/mol with
is pulsed to—500 V at the appropriate arrival time with a a full width at half maximumFWHM) of 8.6 kcal/mol. The
pulse width of 150 ns. The phosphor screen is maintained diimodal translational energy distribution based on the allyl
2.5 kV above the potential of the rear MCP plate. Images+ CI(?P3,) product can also be fit by two Gaussian func-
appearing on the phosphor screen are recorded by a 13Ti®&ns[Fig. 2(a)]. The high-translational energy part peaks at
X 1040 pixel charge-coupled device camékaVision Im-  30.0 kcal/mol and the broad low-kinetic energy component is
ager 5 with a standard 35 mm camera le(idikon). Each  centered at 5.9 kcal/mol. The fractions for the high- and low-
image is constructed by accumulating signals fre/B000  translational energy components in the 4Bl,) data are

Il. EXPERIMENT
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FIG. 2. Allyl+CI(?P;;J=1/2,3/2) center-of-mass translational energy dis-
tributions derived from Fig. 1(a) allyl+ CI(?P); (b) allyl+ CI(?Py,).

FIG. 1. Raw images ofa) Cl(*Py,) obtained with dissociation and probe at The distribution derived from the experimental data are shown in open
235.336 nm via the @ 2D 3p Py, transition; (b) CI(?Py;,) obtained  circles; the solid lines show full fits to the translational energy distributions
with dissociation and probe at 235.205 nm via the?®,,—3p 2Py, tran- and the dashed lines indicate the Gaussian fits to the low- and high-kinetic
sition. The laser polarization is along the vertical direction in the plane ofenergy components of CIP5,,).

the images. Each image consists of 88b1 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. 3), however, cannot be fit by the above equation. The

Cl(°P5;,) atoms, havingd>1/2, may have an aligneth,

determined to be 90.3% and 97%, respective|y’ Ca'cu'ategistribution that can influence the efﬁciency of the Iinearly

from the areas under the fitted curves of the allylPolarized REMPI proces$ **The detected CPs),) angu-
+CI(2P4) P(E7). lar distribution in Fig. 3 is thus fit by

B. Chlorine atom angular distributions [(0)x1+ B,P,(cosh)+ B4P4(cosh). 2

The use of a linearly polarized laser to photolyze allyl
chloride molecule and probe the €R;;J=1/2,3/2) atomic Note that the coefficienB, in the above equation is influ-
fragment with the same laser beam yield the product recoi¢nced by the laboratory frame quadrupole alignmigtas
angular distributions shown in Figs. 3 and 4. The?@l,)  well as the photofragment angular distribution, therefore is
angular distribution (Fig. 4) is fit using the following not equal to the spatial anisotropy paramesein Eq. (1).
expressiort! The relationship is given in Eq$9)—(13) in Ref. 15. Thus
B, cannot be used to characterize the product recoil anisot-

1(8)e 1+ BP(cos6), @ ropy. Two different set of3, parameters are obtained from
where# is the angle between the product recoil velocity andthe CIP5,,) angular distribution: one corresponding to the
the polarization axis of the photolysis laskf®) is the inte-  low-kinetic energy component with the €R,,,) speed be-
grated signal over a certain speed range at amglend low 1335 m/qFig. 3(a)] and the other representing the high-
P,(cos¥) is the second-order Legendre polynomial. An an-kinetic energy component with the speed between 1500 and
isotropy parameteg of 0.06+0.01 is obtained for CHP,,) 2400 m/s[Fig. 3(b)]. The parameters arg,=0.47+0.02
with the signal integrated over the speed range ofand 8,=0.34=0.02 for the low-kinetic energy component
1700~2400 m/s, indicating a nearly isotropic distribution. and3,=0.16+0.01 andB,= 0.06x0.01 for the high-kinetic
The angular distribution for the ground state chlorifédy.  energy component.
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3000 . wavelengths can also be neglected. The relative REMPI de-
1 (2) CI2P3.p), low KE componen tection efficiencies®—2° however, must be accounted for.
25004 312/ p ’ . Liyanageet al® determined the relative line strength for the
] B, =0.47,p,=0.34 o 4p 2P —3p 2Py, and 4p 2D g 3p 2Py, transitions to be
= 20004 ° S 0.85+0.10. The spin—orbit branching ratio of the €m),)
5 ; ) and CI@P,,,) products can therefore be obtained by integrat-
o 15004 . ing the ion signal intensity over the entire velocity range of
g 1 the chlorine images, scaled by the relative line strength. The
= 1000+ 1 CI(2P3),)/CI(?Py,,) ion signal intensity ratio has been mea-
62 T sured to be 1.720.15. Therefore a value of 2.8D.17 is

500+ ° i determined for the relative population of the
T CI(?P5,,)/CI(?P,,,) photofragments and the resultant quan-

4000 T———t—t————— . tum yields are ®[CI(?P3,)]=0.668-0.020 and
3500_' (b) CI(2P3»), high KE component, ] ®[CI(?Py,)]=0.332+0.020. In addition to the spin—orbit
] B, =0.16, B, =0.06 branching fraction, the CI atom product population distribu-
2= 3000 J tions were also subdivided according to the relative amounts
s ] of the low- and high-kinetic energy components, obtained
D, 25004 4 from the fit to theP(Et)’s. As a result, the branching ratio of
<2 . (low-kinetic energy C—ClI fission channghigh-kinetic en-
i« 2000+ g ergy C—ClI bond fission channabk 0.065:0.935.
o~ ]
= 1500- :
; IV. DISCUSSION
10000 90 40 60 80 100 120 140 160 180 Our data at 235 nm evidences a competition between a
0 (degree) minor internal conversion channel for C—Cl bond fission,

resulting in low kinetic energy C#P5,) products, and a
FIG. 3. Fits for CIEP,,) fragment angular distribution(a) low-kinetic ~ dominant electronic predissociation channel that produces
energy component with the speed range 0-1335 pys;0.47-0.02,8,  both CIP,;) products and CHPs,) products with high
fs%gﬁfb%zéqg; E%hi'g;%t'gle;efg Ocs‘l’%pgi‘e”t with the speed range rocoj| kinetic energies. The kinetic energy distributions mea-
e sured in this study are quite different from the one other
reported study at 235 nm, by Park, Lee, and JUiée pre-
sume that study is in error as the relative contributions of the
high-kinetic energy channel and the low-kinetic energy chan-
REMPI detection of CRP3,) and CI@Py,), respec- nel reported here are quite similar to those measured in mo-
tively, allows us to determine the relative population of thelecular beam photofragmentation experim@ras 193 nm
fine-structure states of the fragment chlorine atoms. Since thgith tunable vacuum ultraviolet photoionization detection of
CI(®P3) and CI@Py,) atoms are probed at very similar the chlorine atom and its momentum-matched primary and
one-color REMPI wavelengths with the same laser powersecondary coproducts.
the influence of photolysis and ionization photon intensity on ~ The peak positions of the translational energy release
the spin—orbit branching ratio can be ruled out. The slightdistributions for the C—CI bond fission producing €8(,,)
difference between photodissociation cross sections at thes@d the fast component of GRy,) are very similar to each
other (~30.0 kcal/mo). However, the distribution for
CI(?P,;,) is considerably narrower than that of the fast
3500 T T T T CI(?P5,). They have 8.6 and 13.0 kcal/mol FWHM, re?gec—
1 tively. Previous photodissociation studies of allyl chlofide
3250 ClCPi), B=0.06 T havg identified trr)lese high-kinetic energy C—Clybond fission
channels as predissociation of the photoprepareti state
by a nearby singlehc* state(or a wo* state at nonplanar
geometries The repulsive nature of the potential energy sur-
face at longer C—ClI internuclear separations thus predicts a
J large energy release into product recoil. The amount of ki-
netic energy release can be explained by a simple impulsive
1 model?! 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
FIG. 4. Fit for CI2P,,,) fragment recoil anisotropy. Signal is integrated @Nd the internal mode of the forming radical is achieved
over the speed range of 1700—2400 n#s;0.06-0.01. subsequently as the carbon collides with the other atoms in

C. Spin—orbit branching ratio

1(6) (Arb. Unit)

2000

0 20 40 60 80 100 120 140 160 180
6 (degree)
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the radical moiety. In this picture, the fraction of the avail- 235 nm photon. Different excitation energies can cause

able energy partitioned into product recoil is given by variations in the direction of the electronic transition dipole
moment, the geometry of the excited state molecule as it
_Ma evolves toward electronic predissociation, and the predicted
fTSOft ’ (3) .. . .
’ Mt angular distribution for both theis and gaucheconformers.

where, is the reduced mass of Cl and the adjacent C atorr|1n contrast to the.photodissociation of alkyl iodidg at 266 nm
and u is the reduced mass of the allyl radical and the cr".‘”d ”_‘ethy' chlorlde_at 193 nm, where the dominant transi-
atom. For allyl chloride,fts. is calculated to be 0.47. It tion dipole moment lies glong the Gbond and the halogen
must be pointed out thdt; s, obtained from the soft radical a.t"”? .pr%‘}%§24 recoils ~ with = a . pgrallel angulgr
model is the lower limit for the fraction of translational en- distribution;™**""the case of allyl chIoru_je IS more compli-
ergy release assuming an impulsive recoil. Another “rigidcated i to.the =C chromophore. Emission spectroscopy
radical” model postulates that during the C—Cl bond fissionOf aI_IyI chioride at 199 nm_ewdence*s an admlxtur_e of the
process, the allyl radical remains rigid with no internal vi- dominantmc_c character with somerc_c, character in the
brations excited. A repulsive kick provided by the recoiling _Franck-Condon region upon electronl_c excitafidindicat-

Cl atom at the end carbon atom generates rotational enerd(d that the transition dipole moment is no longer along the

in the forming allyl radical fragment. In this model, the frac- ,_Cl bond 'and dependent on the allyl chioride conforma-
tion of energy released as translation is tion. The anisotropy parameter can therefore be deemed to be

a weighted average of the predictgdvalues from various
I conformers. Myers estimated this weighted average to be 0.0
4 assuming that the transition dipole moment is along the
C=C bond and assuming photoexcitation of the molecule
wherer o= |F'eml» Tem is the vector from the alpha carbon to does not alter the C—Cl bond direction before dissociation

the allyl radical moiety’s center of mass in the moleculss ~ and bothcis andgaucheconformers contribute equally to the
the moment of inertia of the allyl radical moiety about an C—Cl bond fission. A3 value of zero corresponds to an iso-
axis perpendicular to the plane defined by the C—Cl bondropic angular distribution. Although this picture qualita-
andr..,, andy is the angle between the C—Cl bond ang.  tively interprets the low anisotropy of the product recoil in
There are two conformers for a||y| chlorideis andgauche the 235 nm photodissociation of aIIyI Chloride, it does not
with their equilibrium geometries calculated by Dudgal??  include the differences in the nature of the excited state for
The f i Values predicted using the equilibrium geometriesthe two conformers revealed in the work by Browning
of the cis andgaucheconformers are extremely close to each et al?
other; the rigid radical impulsive limit prediction for the frac- ~ Our experiment reveals that €R,,;) fragments are less
tion of the total available energy partitioned to product transabundant than the CiPy;) products, with a total quantum
lation is 0.60= fr,gq. In this limit, there is no vibrational Yield of 33.2%, in good agreement with that reported by Park
excitation of the molecular fragment, $@,;,q Should be the et al* However, Parlet al. observed low kinetic energy Cl
upper bound for the fraction of available energy released agtoms produced in both the €Ry;,) and CIEP,) states
translational energy. The experimentally measuredt 235  While our study shows this channel only produces Cl atoms
nm for the channel that proceeds via electronic predissocidn the CI@P,) state. We do not understand the discrepancy
tion by a state repulsive in the C—Cl bond and producedetween the two studies, done at the same wavelength with
CI(®P,,,) is 0.59, quite close to the prediction of the rigid similar methodology, so we proceed with discussing our re-
radical limit. This suggests that the torque exerted on theults independent of theirs. A minor porti¢B.5%) of all the
allyl moiety at the curve crossing is similar to that predictedC—ClI bond fission events in our study is observed to impart
from the equilibrium geometry. In contrast, Mortat al3 low translational energy into product recoil, in reasonable
observed arf; of 0.50 at 193 nm photodissociation of allyl agreement with the findings of Mortcet al® (3%), consid-
chloride, indicating that the fast allyl radicals produced fromering the difference in excitation energy. Internal conversion
193 nm photolysis are vibrationally more excited than thosdrom the photopreparedr=* state to the vibrationally hot
from 235 nm dissociation. ground state and subsequent bond dissociation is proposed to
As discussed in Sec. lll, since product alignment is in-be responsible for this low-kinetic energy channel. The low-
corporated into the detected angular distribution ofkinetic energy C—CI bond fission channel produces only
CI(?P5,,), the B, parameters cannot be directly used to char-CI(?P5,), as the electronic ground state of allyl chloride
acterize the nature of parent molecule excitation and dissasymptotically correlates to spin—orbit ground state chlorine.
ciation. Nevertheless, the angular distribution for spin—orbit ~ Anisotropy parameters and spin—orbit branching frac-
excited state chlorine can be used to determine the spatitibns for the resolved fine-structure states of open-shell
anisotropy parametes. The measured anisotropy parameteratomic fragments from photodissociation of diatomic mol-
B for CI(?P;,) equals to 0.06, suggesting a slightly parallel ecules or simple alkyl halides such as HCI and;CHcan be
excitation. This is inconsistent with the result of Myers predicted by considering the nonadiabatic transitions be-
et al;> where they observed slight perpendicular anisotropytween the potential energy surfaces at lorig-Cl
for C—Cl bond fission with3=—0.1. The discrepancy is not distances?*26-28For instance, in the photofragmentation
surprising, however, since Myeget al. used a 193 nm pho- of HCI within the excitation energy range of 40 000—70 000
ton to dissociate allyl chloride in their study while we used acm™?, the oscillator strength is carried primarily by the

ftigid=———————
P i Zsin? x
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1(1) state in the Franck-Condon region, which correlates
adiabatically with the lower Cl spin—orbit statéRg,). If 40000 -
the C—Cl bond rupture proceeds adiabatically via the repul-
sive TI(1) state, then one should expect to see a negligible
amount of CIéP,,,). Lambert, Dagdigian, and Alexander 20000
have performed theoretical calculations and experimental
measurements of the spin—orbit branching in the photodisso-
ciation of HCI in the above energy range. They observed a
significant amount of CRP;,,) and a strong dependence of
the spin—orbit branching on the photoexcitation energy. This '
suggests that nonadiabatic transition from the initially popu- 20000 )
lated'I1(1) state to the nearbi® (1) state, which correlates L (0
to the excited-state channel, is also involved in the photodis- K
sociation process. Since the nonadiabatic curve crossing 40000 —— —— —— ———
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 limitFIG. 5. Plot of the adiabatic potential energy curves of HCI used in the
of 1/3 with increasing excitation wave number. The theorytime-dependent calculations in Ref. 25. The inset shov_vs an expanded view
. . i of the long-range parts of the potentials. The different curves are
also predicts thgt for H_CI cﬁssomaﬂon, but not DCI, thexlz+(0+) (=) ML) (- - - - ). MI(1) (—); *M(0%) (—— —);
CI(*Py») branching fraction increases from zero at a lowss +(1) (--.-.- ). Reproduced from Fig. 1 in Ref. 30 with permission,
excitation energy(the threshold to energetically access theAmerican Institute of Physics, Copyright 2000.
upper spin—orbit state of Cto 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’sm'ned by a nonadiabatic transition from the repulsil(1)

. T . :
study. (However, they use a line strength factor di1’“ferentfadlabat to theX "(1) potential energy surface starting at an

. . . internuclear distance of around 4 bohrs and a subsequent
from ours, that gives higher CZIPUZ? yields) NOt? that UN"transfer of flux to the’II(1) adiabat in the region of 68
like the more familiar curve crossing process in methyl io

dide, where the polyatomic analog of tH&l(1) and the Ehoeh:’n(sﬁg rFrlr?6r?el:tuarlriylreirzjlzn??r?‘gt)r\:\;etvreers,uvl\g ilr?fter;rgr;it
311(0) curves determine the branching between | atom spin. 9 Pimg

orbit states in the 266 nm photodissociation, the interactiorgOn between potential energy surfaces correlating to the
. ) S llyl+CI(?P,,) and allyk CI(?P5,) asymptotes occurs i
between these states in HCI/DCI is negligible. Y1+ Cl("P1y) yH CI("Py) asymptotes occurs in

. . A _ the region where the energy difference is comparable to the
Although allyl chloride photodissociation is not initiated CI(2P4,)/CI(2Py,,) spin—orbit splitting, therefore giving a

on a repulsive potential energy surface, we have assum‘Eﬁjearly statistical CRP,,,) branching fraction of 0.355 for

N . . i )
that the " excited state is predissociated by A the high recoil kinetic energy channel in the 235 nm photo-

1 * . . . .

bn.ah(?ﬁcll) dlabat,f VHW(':'th'S analogous.dto .the r:)ptlcallyk/] dissociation of allyl chloride. This is consistent with our ob-

h”g t (d) stzte N f' I ?Wﬁlve.r(’j corr:5| erlnlg_t € n?g% servation of very similar kinetic energy distributions for the
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more appropriate to compare our experimental results on aknergy channel, both peaking at 30 kcal/mol, since the ki-
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extrapolate that to an even larger reduced mass. Lambe\;\;hen the spin—orbit recoupling occurs

et al?® predicted a significantly smaller product branching
into the upper spin—orbit state of DQI thgn HCI qlge to it?ACKNOWLEDGMENTS
lesser tendency to undergo nonadiabatic transitions with ) ) )
heavier reduced mass. At the photolysis wavelength of 235.3 ~ This work was supported by the Chemical, Geosciences
nm (42 544 cmn'Y), the CIP,,) branching fraction is calcu- and Biosciences Division, Office of Basic Energy Sciences,
lated to be about 0.13 for DCI. If the branching fraction of Office of Science, U.S. Department of Energy, under Grant
allyl chloride is determined in a similar manner, thi,, No. DE-FG02-92ER14305.
state should be even less populated than that of DCI, sinc? _ _
the nonadiabatic transition probability for allyl chloride is éuﬁé ’\g“%'sgmB-PFﬁ ETZ%%SL(Q(J)'OEUW’ F. Qi, O. Sorkhabi, and A. G.
lower as a resuIF of its even heavier reduceq mass. !n CON27 | “Myers, D. C. %itchén’ B. Hu, and L. J. Butler, J. Chem. PH@4,
trast, our experimentally measured branching fraction of 5446(1996.
CI(?P,,)/[CI(?Py,,) + CI(?P3,)] for allyl chloride is 0.355  °M. L. MorEon, ; J. Butler, T. A. Stephenson, and F. Qi, J. Chem. Phys.

; T linati ; 116, 2763(2002.
for the .hlgh .re.con kinetic energy channel followmg 235 nm g’ Park K. W. Lee, and K. H. Jung, J. Chem. Py} 10368(2007.
p_hotod|ssomat|on, much higher than the theprc_atlcal_ p_red|c—sA_ J. R. Heck and D. W. Chandler, Annu. Rev. Phys. Chd#). 335
tion of DCI, but somewhat close to the statistical limit of (1995.
0.33. This leads us to infer that the photodissociation of allyl °A. T. J. B. Eppink and D. H. Parker, Rev. Sci. Instrué8, 3477(1997.
chloride does not proceed in the same way as HCI/DCI. In ;'hi’:t%h\e('m';'gtsl‘g”;g;z"l'gggwasak" K. Tsukiyama, and R. Bersohn, J.
those systems, recent time-dependent calculafiohave 83, Arepalli, N. Presser, D. Robie, and R. J. Gordon, Chem. Phys.11&t.

suggested that the spin—orbit branching fraction is deter- 83 (1985.

1

Energy / cm
o
T

Internuclear separation / bohr

Downloaded 09 Mar 2005 to 128.135.85.50. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



11022  J. Chem. Phys., Vol. 121, No. 22, 8 December 2004 Y. Liu and L. J. Butler

9J. A. Streitwieser and C. H. Heathcodkiroduction to Organic Chemis-  2°J. Zhang, M. Dulligan, and C. Wittig, J. Chem. Phy&07, 1403

try, 3rd ed.(Macmillan, New York, 198h (1997).
0y Dribinski, A. Ossadtchi, V. A. Mandelshtam, and H. Reisler, Rev. Sci. 215, J. Riley and K. R. Wilson, Bull. Am. Phys. Sat7, 110(1972.
Instrum. 73, 2634(2002. 223 R. Durig, D. T. Durig, M. R. Jalilian, M. Z. Zhen, and T. S. Little, J.

1R. N. Zare, Mol. Photochen, 1 (1972.
127, p. Rakitzis and R. N. Zare, J. Chem. Phy$0, 3341(1999.
13T, P. Rakitzis, S. A. Kandel, A. J. Alexander, Z. H. Kim, and R. N. Zare

Mol. Struct.194, 259(1989.
23y, Matsumi, P. K. Das, and M. Kawasaki, J. Chem. PI9%.1696(1990.

J. Chem. Phys110, 3351(1999. ' 24M. Kawasaki, K. Suto, Y. Sato, and Y. Matsumi, J. Phys. Chaon,
14M. J. Bass, M. Brouard, A. P. Clark, C. Vallance, and B. Martinez-Haya, 19853(1996.

Phys. Chem. Chem. Phy5, 856 (2003. 25p, W. Browning, D. C. Kitchen, M. F. Arendt, and L. J. Butler, J. Phys.
15p, C. Samartzis, B. L. G. Bakker, T. P. Rakitzis, D. H. Parker, and T. N. Chem.100, 7765(1996.

Kitsopoulos, J. Chem. Phy410, 5201(1999. 28y, B. Band, K. F. Freed, S. J. Singer, and C. J. Williams, J. Phys. Chem.
18R, Liyanage, Y. A. Yang, S. Hashimoto, R. J. Gordon, and R. W. Field, J. 91, 5402(1987.

Chem. Phys103 6811(1995. 273 3. Singer, K. F. Freed, and Y. B. Band, Adv. Chem. PBgs1 (1985.

17 ; ; ;
Y. Matsumi, P. K. Das, M. Kawasaki, K. Tonokura, T. Ibuki, G. Inoue, S. 28g 3 Singer, K. F. Freed, and Y. B. Band, J. Chem. PR9s6060(1983.

Satyapal, and R. Bersohn, J. Chem. PI9/%.5261(1992. 29 o
18y, Skorokhodov, Y. Sato, K. Sato, Y. Matsumi, and M. Kawasaki, J. Phys. i’lgg'(ligggert’ P.J. Dagdigian, and M. H. Alexander, J. Chem. P8,

Chem.100, 12321(1996.

19\, Ahmed, D. Blunt, D. Chen, and A. G. Suits, J. Chem. Py, 7617 30p, M. Regan, D. Ascenzi, A. Brown, G. G. Balint-Kurti, and A. J. Orr-
(1997. Ewing, J. Chem. Phy<.12 10259(2000.

Downloaded 09 Mar 2005 to 128.135.85.50. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



