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The photodissociation of propargyl chloridestGCl) has been studied at 193 nm. lon imaging experiments
with state-selective detection of the Cl atoms and single-photon ionization oflthedtlicals were performed,

along with measurements of the &l CsH; and HCI+ CgH, recoil kinetic energy distributions, using a
scattering apparatus with electron bombardment ionization detection to resolve the competing Cl and HCI
elimination channels. The experiments allow the determination of théPgl)(and Cl €Pys;) (hereafter CI*)
branching fractions associated with the-Cl bond fission, which are determined to be @&50.1 for both
channels. Although prior translational spectroscopy studies by others had concluded that the low velocity
signal at the Cl mass was due to daughter fragments of the HCI elimination products, the present work
shows that Cl atoms are produced with a bimodal recoil kinetic energy distribution. The magirkond

fission channel, with a narrow recaoil kinetic energy distribution peaking near 40 kcal/mol, produces both ClI
and CI*, whereas the minor (5%) channel, partitioning much less energy to relative kinetic energy, produces
only ground spin-orbit state Cl atoms. The maximum internal energy of the radicals produced in the low-
recoil-kinetic-energy channel is consistent with this channel producing electronically excited propargyl radicals.
Finally, in contrast to previous studies, the present work determines the HCI recoil kinetic energy distribution
and identifies the possible contribution to this spectrum from propargyl radicals cracking tors in the

mass spectrometer.

I. Introduction alkyl halides, thersr*, no*, and nz* transitions can be strongly

The study of the near-ultraviolet photodissociation dynamics mixed. Generally, the observation of& bond fission with a

of alkyl halide molecules has a long and rich histars. high-recoil-kinetic-energy distribution indicates that tlae state

Systematic studies of the product channels and branchingmUSt have an important role somewhere along the dissociative
fractions, as a function of the alkyl group, have provided reaction coordinate, whereas the observation of HX elimination

substantial information on the transitions carrying the oscillator 2nd slow dissociation channels suggest a role for more complex

strength, the nature of the dissociative potential surfaces, andeVelution on the excited state potential surface, typically
the dissociation mechanisms. For saturated radicals, the absorpnvolving internal conversion and decomposition on the ground-

tion spectra of alkyl halides a200 nm results from the st.ate surfape or intersystem crossing and di.ssociatic')n in the
excitation of a nonbonding electron of the halogen atom to the triplet mamfold. Measurements of the branching fractions for
o* orbital of the G—X bond 235 The antibonding character of ~POPUlating the X2Py, ground state and XPy, (hereafter
the o* orbital results in rapid €& X bond fission. For unsaturated ~ 'éferenced as X*) spinorbit excited state have proved ex-
radicals, the situation is more complex. Although the* tremely useful in elucidating the mechanism of K bond
transition still contributes, oscillator strength in the near- fission? Similarly, determinations of the branching fractions for
ultraviolet is predominantly carried by ther’:_,. transi- C—X bond fission versus HX elimination have provided
tion involving thes orbitals of the double or triple bond(®5:8:° additional insight into the dissociation procéss.

In addition, as reported by Browning et afgr lower-symmetry The photodissociation of propargyl chloride at 193 nm has
been examined in two previous studies in which time-of-flight
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distribution of the products, and electron-impact ionization with
_mass analysis was used to detect and identify the fragr@nts.
Product angular distributions were also determined. The trans-
lational energy distribution for the-&Cl fission product channel,
leaving the low-velocity signal at Clunfit, was also reported
in a recent study of the photoionization cross section of the
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propargyl radical® This distribution was also obtained using trometer is a modified TOF mass spectrometer equipped with
translational spectroscopy, but vacuum ultraviolet photoioniza- a lens suitable for velocity-map imagif$?! The sample was
tion of the products at 1015 eV was used instead of electron- introduced into the chamber via a room-temperature pulsed
impact ionization. The results of the three studies are in valve, and the resulting molecular beam was skimmed before
reasonably good agreement. The translational energy distribu-entering the interaction region. Typically, the sample consisted
tions determined by monitoring?CI* showed a high-kinetic-  of 3%—5% propargyl chloride in helium buffer gas, with a total
energy component and a low-kinetic-energy component. The backing pressure of1500 Torr. An ArF excimer laser provided

high kinetic energy component was assigned teGT bond the 193-nm light, which was passed through a Glan-laser
fission8° polarizer, apertured down and loosely focused into the interac-
CHACl + hw — C;H, + Cl (or CI¥) 1) tion region. The 193-nm pulse energy was typically-B0 xJ.

A tunable, frequency-doubled dye laser provided the probe light
Unfortunately, the ionization process was not selective in any for two-photon resonant, three-photon ionization of Cl and CI*.
of the three studies. As a result, the relative contributions of This light was also passed through a Glan-laser polarizer and
the Cl and CI* channels could not be determined and no focused into the interaction region, using a 150-mm-focal-length
branching fractions were reported. The low-kinetic-energy lens. At higher probepulse energies, photodissociation by the
component of théCI* signal was assigned to HCI elimination:  probe laser was possible. For the images reported here, neutral
8.9 density filters were used to reduce the intensity until the probe-
C,H,Cl + hw — C,H, + HCl @) only signal was negligi_ble. As the images were recorded, th_e
probe laser was repetitively scanned across the Doppler profile
The appearance of this feature in f8€l" signal was explained  of the resonant two-photon transition. Generally, the polariza-
as resulting from cracking of HClin the electron impact  tions of the two beams were parallel to each other and to the
ionization of HCI, and Lee and Ltnestimated a daughter ion  plane of the detector, although other polarization combinations
fragmentation fraction for Cl of 0.72 for electron-impact  were used in an attempt to characterize possible effects of
excitation of HCI in their ionizer. More recent work by Harper alignment. Images of £ were also recorded by ionizing the
et al. suggests that the branching ratio of- @ HCI* for CsHz photofragment with one photon of vacuum ultraviolet
electron impact ionization of HCI is closer to 3:8Using (VUV) light. For these measurements, the VUV light was
infrared absorption spectroscopy, Morter et al. have measuredgenerated by resonant difference frequency mixing in krypton,
the quantum yield for HCI production fromgB3Cl at 193 nm  as has been described previou®ymages were recorded by
to be 0.074 0.01!2 In their electron impact study, Kawasaki  gating the voltage on the detector to allow selective detection
et al® also noted a contribution awe = 36 (HCI") from Cg* at the TOF of the ion of interest. The magnification of the
ions produced by electron-impact induced fragmentation of imaging spectrometer and the calibration of the instrument were
CsHs, so did not report a recoil kinetic energy distribution for  characterized using the photodissociation of methyl iodide. The
the HCI elimination channel. images were reconstructed by using the BASEX program
In this paper, new results from translational spectroscopy and developed by Dribinski et &F to yield the three-dimensional
ion-imaging experiments are combined to provide additional velocity and angular distributions.
insight into the photodissociation dynamics of propargyl chI_oride To obtain data on the HCI elimination channel, and to help
at 193 nm. Although the methodology of the translatlonal_ calibrate the branching fractions in the-Cl fission channels,

spect;%scop_y experiments is similar to those reported previ- e ai54 gbtained photofragment velocity distributions using
ously” P‘%”'_CU"’?“ attention h_ere_ is devoted to resolving both electron bombardment ionization of the photofragments. The
_the HCI e"m'“aF'O“ and .eCI.f'SS'On product channels and to rotatable-source, fixed-detector apparatus has been described
!dentlfyl_ng possible contributions f_romgtdau_ghter fragments in detail previously* A gaseous mixture of 8% propargyl

in the S|gnal at .Hd' .State-selectlve detectllon of the (_3' a.nd chloride in helium expanded through a continuous nozzle with
CI* obtained using different resonant multiphoton ionization a diameter of 0.1 mm. heated to 260 to eliminate clusters
schemes in the ion imaging experiments reve_al the—s_mblt and passed thrlough ',[WO skimmers into the 8.0orr main ,
state of the Cl atom produced in the high-recoil-kinetic-energy chamber of the apparatus. The most probable speed in the

and low-recoil-kinetic-energy €Cl bond fission channels. Lo
. o . number density distribution of the molecular beam was 3.9
Single-photon ionization is used to detect and image tié;C 10* cm/s with a spreadv/zpea) of 17.7% calculated from the
radical fragment. With the assumption that the photoionization ; Preacvvpea 70 .
full-width at half-maximum. The propargyl chloride molecules

cross section of ¢Hsz at 9.67 eV is independent of internal . . : .
' ) were photodissociated by 193-nm photons at the crossing point
energy, comparison of the Cl, CI*, andids translational energy betweF:an the laser and r)rlmlecular IT)eam with the propa?thion

distributions allows the determination of the Cl and CI* direction of the laser perpendicular to the molecular beam

branching fractions. The resulting values are compared with th ecl_ohto € lase lp?‘ pz X Cutr? 0 Ie Io egu a deat ,tso

values determined by measuring the relative signal levels of € light was unpolarized (n the molecular-beéam-detector
scattering plane. For the high-power-laser data, the 50 mJ output

the (2+ 1) ionization of Cl and CI*, following an approach . !
described previousl{Z-1° The combined imaging results are of a Lumonics PM 848 excimer laser was focused to a 1.5 mm
x 3 mm spot in the interaction region, whereas for the low-

also compared with the translational spectroscopy results on the .
C—Cl bond fission in an attempt to make an independent power-laser data, the output of a GAM EX10F excimer laser

determination of the relative yields of Cl and CI*. The prod_uced~0.3 mJ/r_nn% in the interaction region. A small
translational spectroscopy data also allow the determination of POrtion of the resulting photofragments scattered through the

the translational energy distribution in the HCI elimination defining aperture into the detector region and were detected via
channel. 200 eV electron bombardment in an ionizer 44.2 cm from the

] interaction region. The resulting ions were mass-selected using
Il. Experiment a quadrupole and counted as a function of the total (nettral
The ion-imaging and translational spectroscopy experimentsion) TOF of the photofragments from the time the pulsed light
have both been described previously. The ion-imaging spec-crossed the molecular beam. The fitting of the spectra included
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(a) Cl

(b) CI*
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Figure 1. Images obtained by monitoring the production of"Cl
produced by two-photon resonant, three-photon ionization of (a) Cl
and (b) ClI*, and the single-photon ionization of (c)}Hz following

the photodissociation of propargyl chloride at 193 nm. The polarization

of the photodissociation and detection lasers were parallel to each othe
and to the face of the detector. The polarization is oriented along the

vertical axes of the images.

the separately calibrated ion transit time through the quadrupole

of 4.5us amu?2 ,/m . Data were collected at/e = 35, 36,
and 39.

I1l. Results and Discussion

The ion images obtained following 193-nm photodissociation
of propargy! chloride and monitoring the ClI, CI*, andHg; are
shown in Figure 1. The Cl and CI* were detected by two-photon
resonant, three-photon ionization via the 2/, < 2Pz, and
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Figure 2. Total C-CI bond fission translational energy RJE
distributions obtained using the (a) ClI, (b) CI*, and (c)Hg data
following the reconstruction of the images shown in Figure 1. The
arrows indicate the maximum allowed translational energy of 78 and
76 kcal/mol for Cl and CI* elimination, respectively.

4p 2Py, — 2Py transitions, respectivek?. The GHz was
detected by single-photon ionization at 9.67 eV. The Cl image
shows two distinct features: a fast, almost-isotropic component
corresponding to a large diameter ring, and a much slower,
isotropic component. In contrast, the CI* image shows only a
fast, almost-isotropic ring with a slightly larger diameter than
that in the Cl image. The B3 image shows characteristics
intermediate between the Cl and CI* images. Reconstruction
of these images yields the three-dimensional velocity distribu-
tions. By integrating over angles and using the appropriate
Jacobian, these three-dimensional distributions can be converted
to P(E) distributions of the total translational energy release.
The resulting energy distributions are shown in Figure 2. The
angular distribution parameters can also be extracted from the
three-dimensional distributions. For linearly polarized light and
the photodissociation and detection polarizations parallel to each
other, the angular distribution has the following foff

() 01+ ZﬁZiPZi(cose) ()

where@ is the angle between the polarization and the detection
direction, 55 are the angular distribution parameters, &hd

are the Legendre polynomials. Generally, the sum is frem

1 to n, wheren is the total number of photons used in the

'bhotodissociation and detection steps. Alignment in th&Pg}

M states can result in nonzefg- 4 parameters when resonant
multiphoton ionization is used for detectiéfiThese additional
parameters affect the physical interpretation ofghparameter.
For the present data, however, using terms withl produced
no meaningful improvement in the fit, and orfly values were
determined.

The maxima of the translational energy distributions and the
angular distribution parameters are shown in Table 1, along with
the corresponding values from previous measurements. As
expected from the images, the CI* translational energy distribu-
tion peaks at slightly higher energy than the CI distribution.
The energies of the fast peaks in the present distributions lie
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TABLE 1: Most Probable Translational Energies and oy

i /
Anisotropy Parameters Cate /

Total T lational E kcal/mol
- otal Translational Energy (kcal/mol) [ SRR

species present ref8 ref®° refl® present ref9
Cl 8+1 9.0 <4.8 c 0.0+0.1 5
Cl 40+ 2 35.0 33.4 42 0.£01 0.2 g
CI* 41 +2 35.0 334 42.1 0301 0.2
CsH3 8+t1 0.0+ 0.1
CsH3 41+ 2 0.4+0.1

2 Reported values are for the combinecdHECI* signal. ® The value —]
corresponds to the average translational energy, rather than the peak U L L L BN UL
of the distribution.® This low-energy feature was observed but not fit 0 10 20 30 40 50 60
in the data analysis. TOTAL TRANSLATIONAL ENERGY (kcal/mol)
somewhat above those of Kawasaki ef ahd Lee and Lifs, Figure 3. Comparison of the €CI fission P(g) distribution

and slightly below that of Robinson et ®lfor the combined  determined from the £1; image with that synthesized from a 50:50
Cl + CI* distributions. The small discrepancies are most likely Mixture of the P(E) distributions of Cl and CI* images. The
a result of uncertainties in the calibration procedures of the distributions were normalized between 0 and 58 kcal/mol to eliminate
different experiments. The matching of the peak positions of the contribution from background at higher energies in thél,C
p pelite h g p p ! distribution. The slightly poorer resolution in thesH distribution

the Cl and CI* distributions with those from thesid; distribu- results in a slightly reduced intensity in the high-energy peak, as
tion, which was obtained using a very different detection process compared to the synthesized spectrum.
and calibrated at a different time, provides confidence in our
calibrations, which we believe are accurateti® kcal/mol. The
energy of the slow peak in the present Cl distribution is in good CI* signal to Cl atoms from €CI bond fission. These
agreement with the energy of the slow peak of Kawasaki et observations make it clear that there are two channelsfaCIC
al.? but somewhat higher than the value of Lee and vLin. bond fission at 193 nm, in addition to HCI elimination as
Although Robinson et dP observed a slow component in their  detailed below. It is noteworthy that, as in the present example,
TOF data, they did not fit it in their analysis. The Cl and CI* Liu and Butlet® observed two components in the kinetic energy
angular distribution measurements are in good agreement withdistribution following the photodissociation of allyl chloride,
the previous results of Lee and LifThe imaging experiments ~ and that the fast component was observed in both the Cl and
also provide the angular distributions parameters as a functionCl* channels, whereas the slow component was only observed
of the translational energy. However, in the present measure-in the Cl channel.
ments, these parameters are essentially constant across a given Because the slow peak in the R{Elistribution appears in
component of the translational energy distributions. We note the Cl signal and not in the CI* signal, it is possible to use the
there is a small discrepancy between the present angulartwo separate distributions to fit thesl; distribution (which
distribution parameters determined from the Cl and CI* images should mirror the total € Cl fission distribution producing both
and the GH3z image. This discrepancy is most likely a result of Cl and CI*), and, thus, extract the Cl and CI* branching
the slight asymmetry of the images, as seen in Figure 1. In thefractions. Figure 3 shows the results of this fit for branching
Cl and CI* images, this asymmetry is, in part, a result of fractions of 0.5+ 0.1 in both the CI and CI* channels. Two
uncertainties introduced in scanning over the Doppler profile factors could affect the accuracy of this determination of the
of the two-photon transition. Spatial nonuniformity of the branching fractions. The first factor is the possibility of
detector response in the three images, and its effect on thealignment of the Cl atoms. BecaudBy, atoms cannot be
angular distribution parameters, may also contribute to this aligned, the detection efficiency of the CI* should be constant
discrepancy. across the entire distribution in Figure 2b. In principle, however,

Because the slow peak is observed in both the Cl agitC  the CI?Ps, atoms could be aligned, and the two-photon resonant,
detection channels, it can be unambiguously assigned as cominghree-photon ionization efficiency could be dependent on this
from C—Cl bond fission, and not from the cracking of HCI, as alignment. If the alignment shows a strong dependence on
was suggested previously. Note that, in the present experimentsfranslational energy, it could, in principle, affect the analysis
sequential elimination of HCI from propargyl chloride and presented here. Hyperfine depolarization of the Cl atoms should
subsequent dissociation to H Cl is energetically forbidden, = minimize the effects of alignme#ft.In addition, images recorded
following the absorption of a single 193-nm photon. The prior for two-photon resonant, three-photon ionization via intermedi-
work using electron bombardment detection of the photofrag- ate levels withd = %,, 3/, and®, show essentially the same
ments attributed the low-velocity signalrate = 35 to daughter translational energy distributions as in Figure 2, with similar
ions of the HCI elimination products and the high-velocity signal relative intensities of fast and slow components. This observation
atm/e = 36 to G daughter ions of propargyl radicals formed indicates that alignment of the €P;, atoms is not an issue
in C—Cl bond fissior®® As a result, these authors reported only here?®2°The second factor that could affect the determination
a high-kinetic-energy channel for-€Cl fission and only a low- of branching fractions is an internal energy dependence of the
kinetic-energy channel for HCI elimination. Those assignments photoionization cross section of theh. For example, if, as
are not supported by the observation of the low-kinetic-energy discussed below, the slow component corresponds to an
CsH3z and ClI2P;;, fragments in the ion imaging experiments electronically excited state ofsH, it could have a significantly
presented here. As discussed below, the present translationadlifferent photoionization cross section at 9.67 eV, and, thus,
spectroscopy data at/e = 36 show a significantly different  the relative intensities of the two components in thgH{
distribution from the low-kinetic-energy Clsignal attributed distribution would not reflect their true intensities. As a result,
to HCI elimination in the Lee and Lin work, providing additional an alternative determination of the Cl and CI* branching
support for the present assignment of the low-kinetic-energy fractions is desirable.
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As described previously, an alternate approach to determining 1.2
the CI/CI* branching fractions is to measure their relative 1.0 - A m/e 35 (CI*)
intensities following two-photon resonant, three-photon+2 (a) High Intensity

1) ionization and correct the observed intensities, using experi-
mentally determined relative line strengths. The CI/CI* ratio is
particularly amenable to this approach, because the correspond-
ing (2+ 1) transitions are very close to each other, minimizing
corrections for different laser intensities, and because the line-
strength factors for these transitions have been measured
previously3-19 The relative line strengths for tR®z, — 2Ps,

and 2Py, — 2Py, two-photon transitions used here were
determined using the known CI/CI* branching fractions for the
photodissociation of HCI at 193 nm. Unfortunately, there is
some disagreement over the values of these branching fractions,
yielding ratios of the?Ps, and 2Py, line strengths of 0.85: 0.8
0.10 and 0.603-17 |t is also possible that differences in the

1.2 4

1.0 A

SIGNAL (arb. units)

alignment of the CPP3;, produced by the photodissociation of &%
HCI and GHsCl could affect the relative line strengths, to a 0.44
small degreé®3! Nevertheless, applying this approach to the 0.2 4

Cl and CI* yields from propargyl chloride at 193 nm yields
branching fractions of 0.55 Cl to 0.45 CI* and 0.64 Cl to 0.36
CI* for line-strength ratios of 0.85 and 0.6, respectively. Quan- T Se A TE Tl L T pr pr ey
tification of the error bars for this approach is rather difficult; 100 150 200 250 30 350
however, the counting statistics alone result in an uncertainty TIME-OF-FLIGHT (us)

of £0.03 in the branching fractions. Both results are in Figure 4. Time-of-flight (TOF) data collected atVe = 35 (CI*) and
reasonable agreement with the values determined from the Cl,a scattering angle of 20 (a) high-intensity data collected with a laser
CI*, and GsHz images, suggesting that the photoionization cross fluence of~10 mJ/mr, and (b) low-intensity data collected with a

tion of GH= is not strongl ndent on internal energy. fluence of~0.3 mJ/mm. The signal corresponds to Cl atoms from
section of GHg is not strongly dependent o ernal energy C—ClI bond fission and Cl daughter ions from the HCI elimination

Although the two determinations of the Cl and CI* branching  products upon 193-nm photodissociation of propargyl chloride. The
fractions are in agreement, each has potential drawbacks, andolid line corresponds to the fit obtained using a 50:50:20 ratio of the
it would be desirable to confirm the values by a third Cland CI* distributions obtained from the imaging data and the HCI
independent determination. For this reason, translational spec-distribution obtained from forward convolution fitting of thee = 36
troscopy with electron impact ionization was used to determine data shown in the top frame of Figure 5, respectively. The short dashed
the TOF distribution of the total Cl atom signal, with the goal line (-- -), solid gray line, and long dashed line ¢- —) correspond

- Y . ; e to the individual contributions of CI*, Cl, and HCI cracking, respec-
of fitting this distribution with the appropriate weightings of  yely.
the independent Cl and CI* distributions from the imaging
experiments. Although it was initially believed that this deter-
mination would provide an independent test of the branching
e L e Al R cuve s imprtant it il at Can et

i "mining the C-CI bond fission (producing both CI and CI*)

Figure 4a shows our new TOF data fore = 35 (CI) at P(E) distribution. Figure 5 shows the present translational spec-
relatively high photolysis pulse energies, whereas Figure 4b troscopy data collected ave = 36 (HCI*, Cs*), corresponding
shov_vs t_he same data at significantly !ower pulse energies. Bothyg the signal from elimination of HCI and from daughter
distributions were obtained by averaging for 500 000 laser shots. fragmentation of propargy! radicals in the electron bombardment
The two distributions are quite similar, but the former shows gnizer. This distribution was recorded by averaging for
additional signal on the high-energy side of the fast peak arising 2 750 000 laser shots, that is, 5.5 times longer than that for the
from a multiphoton dissociation process. Translational spectro- corresponding Cl data. Note there is a fast shoulder at very
scopy data were also collected rate = 39 (GHs") for the fast arrival times in these data that is due to two-photon disso-
CsHs fragment produced by €Cl bond fission; these data are  ¢jatjon, similar to the shoulder in the high-laser-powet €lg-
very similar to, but have a lower signal-to-noise ratio than, those nal, so we leave that as unfit. The two frames of Figure 5 show
reported previously by Robinson et #.so they are not pre- g limiting fits to the data; the top frame assumes that all the
sented here. However, note that, although the low-velocity signal signal is from HCI photofragments, so it assumes that the frag-
was unfiF in the paper by Robinson et #lit appears clearly in mentation of propargyl radicals to/e = 36 (Cs*) in the ionizer
both their Ct and the GHs" data. Lee and Lihstated thatno  goes not contribute to the signal. The recoil kinetic energy
slow signal appeared in theie = 39 spectrum, and they used  gjstribution derived from that forward convolution fit is shown
that information to support their conclusions that the slow signal a5 3 solid line in Figure 6. The lower frame of Figure 5 shows
at CI" was due to daughter fragments of HCI and not to Cl 4 it assuming the maximum possible contribution to the signal
products. The higher signal-to-noise data of Robinson & al. from C;* that is due to the dissociative ionization of propargyl
provided clear evidence of a low-velocity signalnae = 39. radicals in the electron bombardment ionizer. This potential

It is known that electron impact ionization of HCI can result signal from daughter cracking is calculated from thetQC3H3
in cracking to produce C| and Kawasaki et al. and Lee and P(E) in Figure 3, derived from the i3 imaging data. Fitting
Lin suggested that this process could contribute to the signal atthe leftover signal to HCI photofragments gives the recoil kinetic
CI™ and affect the resulting P{¢E distribution determined by  energy distribution, which is shown as a dashed line in Figure
translational spectroscopy. Indeed, Lee and Lin attributed all 6. Either limiting case results in a bimodal recoil kinetic energy

0.0 A

the low-kinetic-energy signal at Clto daughter ions of HCI
photofragments. For this reason, the detailed shape of the HCI
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1.0 1

op m/le 36 (HCI", Cs")

0.8 4

0.6 4

0.4 4

0.2

0.0

1.0 4 m/e 36 (HCI', C3")

SIGNAL (arb.units)

100 150 200 250

TIME-OF-FLIGHT (us)

Figure 5. TOF data collected at a scattering angle of a6dn/e =

36 (HCI", Cs%). The top frame shows a fit assuming that dissociative
ionization of propargyl radicals tos€ does not contribute to the signal.
The fit shown for the HCl signal is calculated from the HCI elimination
P(Er) shown in solid line in Figure 6. The bottom frame shows a fit

300 350

McCunn et al.

signal in the region between the small slow peak and the fast
main peak, which is the region underfit by the Cl atoms from
C—Clfission. Thus, although the prior work on this system was
correct in assuming there could be contamination inntfee=

36 data by @" ions produced by dissociative electron-impact
ionization of GHs, Lee and Lin incorrectly assigned all the low-
recoil-kinetic-energy signal at HCland CIf to HCI elimination
and all the high-velocity signal at Clto C—Cl fission. This
work shows that the HCI elimination P{Es bimodal and does
not account for all of the low-recoil-velocity signal at'CThe

fits of the m/e = 35 TOF show that much of that signal is due
to a C-Cl fission channel that was also detected in the imaging
data presented in this paper.

With the P(&) distributions of Cl and CI* from the imaging
data, and the P{& distribution of HCI from translational
spectroscopy, it should be possible to fit the totdé = 35
P(Er) distribution from translational spectroscopy to yield the
relative contributions from the Cl and CI* channels and HCI
cracking. Unfortunately, the distributions are similar enough that
the mle = 35 data can be fit by a wide range of Cl and CI*
branching fractions simply by varying the relative contribution
of HCI cracking. Without a knowledge of the primary branching
fractions for C-Cl bond fission, this determination is incon-
clusive. Figure 5 shows the results obtained using the CI:CI*
branching fraction of 0.5:0.5 determined previously, which
requires a contribution of 0.2 of Clfrom HCI cracking to fit

that attributes the maximum possible amount of the signal to dissociative the data if we assume that none of the signain& = 36 is

ionization of propargyl radicals to &€ (short-dashed line fit (- - -),
calculated from the €CI fission P(E) derived from the gHs product
shown in Figure 3). The leftover signal attributed to HCI elimination
is fit using the unshaded portion of the R{En Figure 6, with the
resulting fit shown as the long-dashed line { —).

/%
7

0 10 20 30 40 50 60
TOTAL TRANSLATIONAL ENERGY (kcal/mol)

Figure 6. Translational energy distribution for the HCI elimination
channel obtained from forward convolution fitting of the TOF data in
Figure 5. The solid line P is derived assuming none of the signal
is due to dissociative ionization of propargyl radicals t3:Gt gives

the fit to the data shown in the top frame of Figure 5. The unshaded
portion of the P(k) is obtained by fitting the remaining portion of the
signal in them/e = 36 spectrum in Figure 5 if one attributes as much
as possible of the fast signal ta'Gdaughter ions of propargyl radicals,
leaving only the low-recoil-kinetic-energy signal to HCI photofragments.

HCI Elimination

P(ET)

distribution for HCI elimination, similar to that in the haloalk-
enes studied previously; the true RYEor HCI elimination is

somewhere between these two limits, so we show the uncertaing =

area of the P(P by the shaded portion in Figure 6. Either
limiting P(Er) can be used in conjunction with the-Cl fission
P(E) to fit the data atm/e = 35. Although Figure 4 shows the
fit with the HCI elimination P(E), which is shown as a solid
line, fitting the contribution to theve = 35 signal from daughter

due to G* daughter fragments of propargyl radical. If we use
the HCI elimination P(E) derived from the fit to then/e = 36
signal in the lower frame, we can fit the/e = 35 data well
with the CI:CI* branching fraction of 0.5:0.5 determined
previously and a contribution of 0.12 from HCI cracking toCl
Thus, HCI elimination has a smaller, but non-negligible, yield,
compared to €Cl bond fission; estimating this yield from the
fits requires knowledge of the daughter cracking patterns of HCI
upon electron bombardment ionization. We attempt this analysis
in the next paragraph.

These data offer two ways to determine the branching
fractions for C-Cl bond fission and HCI elimination from the
photodissociation of propargyl chloride. The first method uses
the ratio between the portion of the integrated signatvat=
36 attributed to HCI elimination and the portion of the signal
at CI* assigned to Cl atoms from-&Cl fission in Figures 5
and 4, respectively. To calculate the branching r&jowe
correct these relative signals for the kinematic factors in the
scattering of the photofragments and the appropriate Jacobians
and velocity-dependent ionization probability, using the{{E
determined in this paper to calculate an expected signal (if the
HCI elimination:C-Cl fission ratio were 1:1) at each mass in
the same time interval as the data was integrated. These expected
signals do not account for the ratio of ionization cross sections
(oion) and daughter cracking patterns of the fragments to the
ion mass spectrum being integrated, so we also include that
correction, obtaining the relation

OcitcH,  CIY signal

expected signal (HCI)
X
HCI" signal

expected signal (CI)><
Oion(HCI) y frcrmer
Oion(Cl) ferie

Ohc-cH,

(4)

fragmentation of HCI photofragments with the dashed linegrP(E ~ We took them/e = 36 data used for this analysis on a different
in Figure 6 (unshaded region) also gives a good fit with a day than them/e = 35 data and with a slightly different
reduced contribution from HCI daughter ions, because both give quadrupole resolution (and for 5.5 times as many laser shots);
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however, beam velocity measurements on each day showed venassumption is that the electron impact ionization probabilities

similar signals (only~10% smaller on the day we took theée of Cl and CI* are equal, for which there is considerable support
= 36 data). The branching ratio obtained using the fit shown in the literature®*
in the upper frame of Figure 5, which assumes thgtdaughter The high-recoil-kinetic-energy Cl and CI* peaks dominate
ions do not contribute to the signal, is thus calculated from eq the translational energy distributions in both the imaging and
4 as follows: translational spectroscopy data. The Cl and CI* branching
o fractions reflect the mixed character of the optically excited and
_CHGHs dissociating states. The results do not reveal whether the mixed

branching fractions result from the simultaneous excitation of
25783 95.14 427 0.613_ two or more dlfferent electromc_states, followed by dlssoglat[on
211632/55°8813°352% 1 2.73 (5) on noninteracting surfaces, or if they result from the excitation

) ) ) of a single state carrying essentially all of the oscillator strength,

Here, we have estimated the ratio of ionization cross sectionsfollowed by interactions with other surfaces on the way to
for Cl and HCI &-20%) using the empirical relationship between dlssomatl(')n..Thf.e relatively small anisotropy pb;erved in the
molecular polarizability and electron bombardment ionization a@ngular distributions does not fully resolve this issue, but the
cross section proposed by Center and M&AdWith the similarity of the angular distributions in the Cl and CI* channels
molecular polarizability estimated as the sum of the atomic Suggests that these products result from excitation of the same
polarizabilities® We have also calculated the daughter cracking €lectronic state(s). Browning etahave argued previously that
fraction of HCI to HCI" of 0.6127 from the data in ref 11. The  the emission spectra obtained for dissociating propargyl chloride
expected signal ratio, assuming equal branching to each channeffollowing excitation at 199 nm suggest excitation of a state with
was integrated over the same TOF range as the actual signamixed zzz*, no*, and o™ character, which is consistent with
was integrated (144200 us for the HCI signal at HGl and the present results. The high recoil kinetic energies observed
124—170us for the Cl signal at Gi). Thus, assuming that there ~ for the HCl elimination channel could result from the substantial
is no contribution from daughter fragments of propargy! radicals €xit barrier on the ground-state potential energy surface, if the
in thenve = 36 data, we calculate a branching fraction of 73% dynamics for that channel proceed via internal conversion to
C—Cl fission and 27% HCI elimination from our signal the ground state.

OHcl+CH,

intensities attributed to each process in thie = 36 andm/e The low-kinetic-energy Cl peak contribute$% of the total
= 35 spectrum fits. If, instead, we attribute the maximum C—CI bond fission of GHsCl at 193 nm, depending somewhat
possible signal to € daughter fragments in the/e = 36 data, on how the background is subtracted. Two possible explanations

as shown in the bottom frame of Figure 5, thus attributing less for this peak deserve consideration. The first is that this peak is
signal to HCI elimination in both spectra and more signal to produced by decomposition on the surface of a lower-lying
C—Cl fission in them/e = 35 spectrum, (integrating the HCl  singlet or triplet state, which is populated by internal conversion
signal under a fit, calculated from the dashed-line unshaded or intersystem crossing from the initially prepared level. This
portion of the P(k) in Figure 6, from 154:s to 200us and the lower-lying level could very well be the electronic ground state.
Cl signal in them/e = 35 spectrum from 124s to 170us) the Such a dissociation process is expected to be relatively slow,
same branching ratio analysis gives which is consistent with the isotropic product angular distribu-
tion for the low-energy Cl peak; however, in this system, the
high-recoil-kinetic-energy peak is also isotropic, so the aniso-
tropy does not provide support for this assignment of the
dissociation mechanism. A similar low-kinetic-energy compo-
Thus, even if we attribute the maximum amount of thie = nent has been observed in the X bond fission of many related

36 signal to G*, we still estimate a 10% branching fraction for alkenyl halides. In part_icular, the_z 193-nm photodiss_ociation of
HCI elimination. (The HCI elimination quantum yield was 2-chloropropeneand vinyl chioride result in both high- and
previously determined to be 0.0% 0.0119) Thus, our data  low-recoil-kinetic-energy €Cl fission channels, and the low-
suggest that HCI elimination is a significant channel in the recoil-kinetic-energy channel has been attributed to dissociation

193-nm photodissociation of propargy! chloride, with a branch- ©n the ground-state surface. However, recent work on the
ing fraction between~10% and 30%. Interestingly, if one  193-nm photodissociation of 2-chloro-2-butérseiggests the

_ Jorey, 28110 9514 42.7 0.613_

" Ouoicy, 14738/55 81827 3527 1 91

simply uses the relative contributions of-Cl fission and HCI corresponding low-kinetic-energy—<Cl bond fission channel
elimination that fitting them/e = 35 spectrum required [1:0.2  does not produce ground-electronic state radicals. In this case,
or 1:0.12, depending on which limiting P{Efor HCI elimina- the radicals’ subsequent€C bond fission dynamics was very

tion is used], and corrects for the daughter ion cracking fraction different than that of the ground-state radicals identified by the
of HCI to CI of 0.1838 obtained in ref 11, one obtains a larger Momentum match to the high-kinetic-energy CI atoms. This
predicted branching fraction to HCI elimination. However, the Suggests an alternate assignment of the low-kinetic-energyl C
HCI produced by molecular elimination is highly vibrationally ~ fission channel discussed below.
excited. Thus, this discrepancy could be resolved if the electron- A second explanation for the slow Cl peak is that it results
impact fragmentation of vibrationally hot HCl is more efficient from photodissociation producing Cl atoms in conjunction with
than for cold HCI, which was measured in ref 11. CsHsin an electronically excited state. Using a theoreticalGT
Two assumptions have been made for this analysis. The firstbond energy of 70 kcal/mdP, the maximum available energy
is that the angular distribution of the HCI photofragments is for internal excitation of the products is 78 kcal/mol. The
isotropic. [With an unpolarized laser, the relative scaling maximum observed translational energy in the low-kinetic-
between channels with different anisotropies must be correctedenergy channel is~18 kcal/mol, which corresponds to an
by factors of (1+ pS/4)™! to account for the fact that internal excitation of~60 kcal/mol in the GHs photofragment.
photofragments with a parallel angular distribution are more Although there is little information available on the electroni-
likely to be scattered in the detector plane.] The second cally excited states of 413,354 a recent theoretical stutfy
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provides a relatively comprehensive picture of the isomers and

low-lying excited states of 3. Interestingly, the 2A" state
with Cs symmetry is calculated to lie 57.1 kcal/mol above the
C,, 2B, ground state of the propargyl radical. This position is
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