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Imaging the Infrared Multiphoton Excitation and Dissociation of Propargyl Chloride

Casey D. Foley, S. Tahereh Alavi, Baptiste Joalland, Bernadette M. Broderick, Nureshan Dias and
Arthur G. Suits*

Department of Chemistry
University of Missouri, Columbia MO 65211

Abstract

Infrared multiphoton excitation is combined with UV excitation and state-resolved probes of
Cl(?P3/2), CI*(?P1/2), and HCl to study the photochemistry of propargyl chloride. The results show
evidence both of infrared multiphoton dissociation on the ground electronic state and infrared
multiphoton excitation followed by UV dissociation. The results are interpreted with the aid of a
full characterization of the stationary points on the ground state using ab initio methods, as well
as our recent experimental and theoretical characterization of the UV photochemistry of the
molecule. The data suggest elimination of HCl on the ground electronic state produces linear
propadienylidene as a coproduct over a roaming-like transition state that accesses the CI-H-C
abstraction geometry. This identification is supported by separate chirped-pulse microwave
studies in a quasi-uniform flow also reported here.

*suitsa@missouri.edu
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Introduction

High-power line-tunable TEA-CO; lasers stimulated the emergence of infrared multiphoton
dissociation (IRMPD) studies in the 1970s and 1980s.*!? This permitted the investigation of
ground state unimolecular decomposition of molecules under collisionless conditions in
molecular beams.'1® Although applied with considerable success to reveal the global features
of these processes, the methods were in wide use prior to the development of state-selected
velocity map imaging techniques.?’'° The latter method is capable of extremely high velocity
resolution and at the same time quantum state-specific product detection, affording deep insight
into photochemical processes in favorable cases.?0-24

Our interest in combining IRMPD with imaging is inspired in part by a desire to explore roaming
radical reactions in detail. These are reactions, exemplified by formaldehyde most notably, that
involve frustrated dissociation toward radicals in which the system instead returns to give closed-
shell products, usually after an excursion to a long-range, high potential energy region of the
surface.!® 2> 26 First characterized in detail in formaldehyde and acetaldehyde,!® it is now
generally seen as a universal aspect of chemical reactivity, with very active theoretical efforts to
interpret it in terms of transition state theory,?’”?° including recent phase space treatments,3® 3!
and an alternative approach adapted from the condensed phase.3? Although NOs dissociation
clearly showed the importance of roaming in the excited electronic state,® 33 in general roaming
reactions are more easily seen and characterized on the ground electronic state. IRMPD
combined with velocity map imaging thus offers a means to explore this novel aspect of reaction
dynamics in detail.

Recently, we began adapting IRMPD for high resolution DC slice imaging applications.® 3436 |n
IRMPD of vinyl chloride, for example, state-resolved HCl detection showed both modest
rotational excitation and very low translational energy release, consistent with 3-center HCI
elimination producing cold vinylidene as a coproduct.®> Propargyl chloride experiments have
primarily sought to determine the branching of dissociation channels that originate from the
strong excitation near 193 nm.3’-3° Butler and coworkers summarized photodissociation of
propargyl chloride and other halogenated hydrocarbons in their imaging study in 2006.3” C-Cl
bond fission products were found to branch to Cl and CI* equally and slow translational energy
peaks were determined to not be the result of HCl fragmentation as previously thought. We
recently presented an imaging investigation at longer UV wavelengths that used multireference
calculations to characterize the electronic excitations of propargyl chloride from 5.0 to 8.0 eV.*°
A high density of singlet and triplet excited electronic states were identified and complex,
repulsive dissociation dynamics were observed with both direct and predissociation processes.
At 236 nm three distinct triplet excited states were accessed giving distinct features in the
images. A slow component producing exclusively ground state products with a parallel angular
distribution was assigned to T1. Evidence for T, and Tz excitations were also seen in a fast peak
comprising distinct perpendicular and parallel components, respectively. Furthermore, T2 and T3
preferentially branched to spin-orbit excited and ground state Cl, respectively. Evidence was also
seen for predissociation of a bound S1 state accessed when propargyl chloride was excited at 212
nm. Here, we combine infrared multiphoton excitation (IRMPE) of propargy! chloride with state-
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specific detection using REMPI with DC slice imaging to examine the dynamics of dissociation
both on the ground state near threshold and in vibrationally mediated photodissociation through
these electronically excited states. The experimental data is interpreted using theoretical
calculations to determine minima and transition states en route to products and aid in identifying
the CsH2 product isomer formed. We also performed complementary chirped-pulse mm-wave
spectroscopy experiments in a quasi-uniform flow (CPUF) which support the computational
identification of the CsH2 product isomer as the linear propadienylidene species.

Experimental and Theoretical Methods

DC Slice Imaging

The experimental method and apparatus were previously reported,* but a brief description of
relevant information is included here. The apparatus consists of source and detection chambers
separated by an aluminum plate on which a skimmer is mounted. Each chamber is pumped by a
separate turbomolecular pump. A molecular beam of propargyl chloride, CsHsCl, was introduced
into the source chamber via a pulsed solenoid valve (Parker-General) and subsequently skimmed
and supersonically expanded. 7% CsHsCl was generated by passing helium through CsHsCl in a
bubbler at 0°C. IR radiation from a grating-tuned TEA-CO; at 10.44 um was used to excite CsHsCl
by strong absorption via the C-C stretch. A 35 cm focal length ZnSe lens was used to focus the
measured ~650 mJ per pulse (fluence 7.2 J/cm?) onto the molecular beam slightly upstream of
the UV laser. The IR beam was fired ~800 ns before the UV beam.

UV radiation around 241 nm and 0.8 mJ/pulse was focused onto the molecular beam slightly
downstream from the IR laser beam with a UV fused silica lens and used to ionize HCl by (2+1)
REMPI via the R and S branches of the F1A,«« X 1X% 42 Unlike other transitions in this region,
this REMPI transition exclusively produces HCI*. For the Cl detection experiments, UV radiation
near 235 nm was focused onto the molecular beam with a 30 cm focal length fused silica lens.
These wavelengths were chosen for specific ClI(?P32) and CI*(?P12) REMPI transitions. For Cl
detection the transition was ZDg/2 « 2P39/2 (84988.48 cm?), while for CI* the transition was
2P3°/2 «— 2P1°/2 (85442.43 cm™). In each case, the wavelength was scanned repeatedly across the
Doppler profile while recording the images. All UV light was polarized vertically, parallel to the
plane of the detector. The resulting ions were accelerated by an ion optics assembly through a
time-of-flight tube toward a pulsed 75 mm microchannel plate detector (BOS-75-OPT01, Beam
Imaging Solutions) coupled to a P-47 phosphor screen for DC slice ion imaging. Images were
captured using a USB CCD camera and in-house data acquisition software NUACQ. Time-of-flight
information was obtained with a photomultiplier tube monitoring the phosphor screen. The
experiment was performed at 10 Hz. Image reconstruction and data extraction were done using
our finite slice analysis method, FinA.%3 44

Chirped-Pulse Quasi-Uniform Flow Spectroscopy

The experimental method and apparatus were previously reported, but a brief description of
relevant information is included here.**® The chirped-pulse mm-wave spectrometer covering
the range 70-90 GHz is coupled to a pulsed quasi-uniform flow as described previously. The
propargyl chloride is seeded at 1% in helium and expanded from a Laval nozzle forming a quasi-
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uniform flow at a total density of ~10'® cm™ and a temperature of 10 to 40 K. Photodissociation
of the propargyl chloride by a loosely focused 193nm laser beam (<10 mJ/pulse) gives several
products including the propargyl radical with Cl atoms, and HCl with CsH,. Absorption of a second
193 nm photon by the propargyl radical also gives CsH. products, and the isomer-specific
branching is the subject of studies reported elsewhere. The photoproducts are internally cooled
in the flow, after which they are excited by 7/2 pulses of mm-wave radiation tuned to known
transitions of CsH, isomers at intervals of 10 ps. After each mm-wave pulse, the free induction
decay of the excited molecules is acquired and accumulated in the time domain, then Fourier-
transformed to give the rotational spectrum from which branching is determined as described
previously. Results for propargyl chloride shown here are compared to results obtained
previously for 1,2-butadiene to isolate the component that is associated with HCI elimination.

Theoretical Calculations

To explore the ground state potential energy surface of the C3HsCl system, we employed the DFT
functional wB97XD,* which incorporates an empirical correction for long-range interactions, in
conjunction with the aug-cc-pVDZ basis set.>>>? Further calculations were performed using the
composite CBS-QB3 method.>3>> The structures of the minima and transition states were fully
optimized and their vibrational frequencies estimated within the harmonic approximation>3 >¢
The transition states found in each pathway were confirmed by intrinsic reaction coordinate
calculations. All calculations were performed with the Gaussian 16W package.>® Associated files
are provided in the supplementary information.

Results and Discussion

DC Slice Imaging

Ground state Cl atom images from photodissociation of propargyl chloride near 235 nm are first
presented. Figure 1A shows a DC slice image obtained with the UV probe laser alone ("1-color")
and Fig. 1B shows probe following the high-power CO; laser pulse ("2-color"). The 1-color image
is bimodal with a broad inner ring and a sharper outer ring with recoil along the laser polarization
direction. We recently determined that the inner and outer rings were the result of excitation to
triplet states of propargyl chloride, namely T1 and T»/Ts, respectively. We discuss the mixed
composition of the outer ring further below.

The 2-color image shows profound changes. The total signal increases by roughly a factor of two
and a varying enhancement is seen in the yield at all recoil energies, with the central region
becoming very intense. It is clear this enhancement must be due, in large part, to IR-enhanced
UV dissociation, since the enhancement closely follows the distributions we observed in the UV-
only images. The effects may be seen more clearly in the translational energy distributions
displayed in Figure 2A. The region we assigned previously to the T; excitation near 10 kcal/mol is
enhanced by ~30%, while the main T»/T3 peak is not strongly enhanced. Instead, the distribution
extends to a significantly higher limiting translational energy: rather than the sharp cutoff around
35 kcal/mol, the distribution tails off slowly to greater than 50 kcal/mol. Considering this entire
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distribution there is a similar large IR enhancement for the T,/Ts contribution but it is spread over
a broad, higher energy range.
A e We previously examined
235 s energy partitioning in the UV-only
dissociation and found for the main
peak that ~45% of the available
energy appeared in translation. If this
fraction is maintained for this IR
enhanced dissociation, then we can
infer that the maximum excitation of
the molecules that wundergo IR
enhanced dissociation via the T./T3
excitation is ~42 kcal/mol, i.e., on the
order of 16 IR photons. Interestingly,
we do not see such a shift in the
maximum translational energy for the
T1 contribution. This is likely due to
the fact that the C-Cl coordinate on Ty
surface is not as steeply sloped in the
Franck-Condon region compared to
T2/Ts, so additional vibrational energy
does not yield a greater impulse.

Fig. 1: DC slice images of 1-color UV Cl (A), 2-color CI (B), 1-color

o TR Additional vibrational excitation does,
UV CI* (C), and 2-color CI* from photodissociation of propargyl h ) the F k-Cond
chloride. Laser polarization axis is vertical in the plane of the owever, Increase the Franck-tondon

figure. envelope to give greater excitation

probability. The other very notable

feature of the 2-color vs. 1-color images and translational energy distributions for Cl is the

prominent low energy peak that only appears in the 2-color result. This is a peak near 5 kcal/mol
that we ascribe to IRMPD leading to Cl atom elimination with the UV serving only as probe.

Analogous results for CI* are shown in the Figure 1C and D images, showing marked differences
from the ground state Cl case. The 1-color CI* image does not show the 10 kcal/mol contribution
assigned to Ti excitation. It also shows an interesting structure in the main peak that is
perpendicular for the inner component and parallel for the outer component, as discussed
previously. We assigned the inner component to the T, excitation and the outer component to
T3 and argued that the former branches more to Cl*, accounting for the more strongly
perpendicular aspect of the inner component of the main peak for CI* compared to Cl. The 2-
color results for CI* also show new and enhanced dissociation processes. There is a slight
enhancement of the peaks corresponding to T, and T3, and again a strong broad feature
extending to 50 kcal/mol or so. The CI* data also exhibits a low energy feature around 5 kcal/mol
consistent with IRMPD.
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The Cl and CI* images indicate dissociation by IRMPD and concurrent IR-enhanced UV
photodissociation. Analysis of the angular distributions at different regions of the image further

assists in disentangling the contribution from each. These are fitted to the expression:

.57, 58

1(8) «< 1+ B(Py(cosB))

—— 2-color ||
1-color

P(ET) (arb)

P(ET) (arb)

0 L L I
0 20 40
total translational energy (kcal/mol)

Fig. 2: Translational energy distributions of Cl (A) and CI*
(B) from 1-color UV (black) and 2-color (red)
photodissociation of propargyl chloride
photodissociation.

dissociation from the rotating parent molecule
and from a wider range of geometries. For the
region of the main peak around 20 kcal/mol
that we associate primarily with T, excitation,
there is little impact on the anisotropy although
there is a significant enhancement in the signal.
One possible explanation is that the excitation
shifts more to Tz which is more parallel, but at
the same time there is a reduction in overall
anisotropy, and these effects cancel. In the
region of the main peak associated with T3, we
again see a significant reduction in anisotropy,
from B ~0.7 to 0.3. However, beyond 35
kcal/mol, the B value rises significantly, to

with P, the second Legendre polynomial. B is
given as a function of recoil energy in Figs. 3
and 4. We reproduce the translational energy
distributions in these plots to facilitate the
comparison. Fig. 3A gives the 1-color result for
Cl, Fig. 3B gives the 2-color result. The low
translational energy release and nearly
isotropic angular distribution of the image
center supports the assignment of the slow

component to IRMPD. The IR-enhanced
photodissociation distribution which we
assign to Ti1 shows a reduction in the

anisotropy from 3 ~0.7 to ~0.4. We attribute
this to rovibrational excitation of the parent

induced by the CO; laser leading to
1 A 1
£
S T
~ 0.5 105 W
Ll Rag
a
0 0
1

105 W

0

0 20 40
total translational energy (kcal/mol)

Fig. 3: Translational energy distributions (black) and
anisotropy parameter B (blue) of Cl from 1-color UV
(A) and 2-color (B) photodissociation of propargyl
chloride.
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about 0.8. We believe this indicates a contribution from S, now making an appearance, as direct
excitation from distorted geometries becomes possible. S; is the first strongly allowed transition.
The CI* angular distributions given in Fig. 4A and 4B also show a significant reduction in overall
anisotropy. The peak associated with T, changes from 3 ~-0.4 to 0.1. The main peak associated
with T3 shows only a modest reduction in anisotropy, while again the new signal beyond 32
kcal/mol shows an increase in 3 just as in the case of Cl, again suggesting access to S for these
hot molecules.

Initial excitation by intense IR light gives access to
unexplored parts of the potential energy
surfaces, both in IRMPD and IR-enhanced UV
photodissociation. The key difference between
the two is that for IRMPD, we exclusively study
dissociation from the ground electronic state.
Previously, we reported that uv
photodissociation at 235 nm does not yield HCI
elimination and ascribed this to processes
involving largely repulsive excited states. With
IRMPD, however, we find evidence that the HCI
elimination channel opens up, as we detect HCI
state-selectively for the first time.

AE,)

The HCI rotational distribution was obtained by

0 20 40 scanning the probe laser after the IR excitation.

total translational energy (kcal/mol) The experimental REMPI spectrum can be seen in

Fig. 4: Translational energy distributions (black) and the top trace of Fig. 5 with HCl products detected

anisotropy parameter B (blue) of CI* rom 1-color on the S and R branches of the F *A; X'3* (0,0)

UV (A) and 2-color (B) experimental configurations  transition. Unfortunately, the spectrum is quite

of propargy! chloride photodissociation. noisy owing to non-resonant background signals

in which there is also some regular oscillation

from etalon effects at a window. By modeling the relative abundance of the rotational population

using PGOPHER (bottom trace Fig.5),°> ¢ we inferred that HCl fragments were produced very
cold with a rotational temperature of ~85 K.

We have also recorded HCl images on several transitions and we show the results for R(1) in Fig.
6A. The image shows an intense central spot tapering to very low intensity that extends at
considerable distance from the image center. Analysis of the image after subtraction of the
background signal gives the distributions in Fig. 6B. The P(Et) shows a peak at very low
translational energy, near 1 kcal/mol, dropping quickly to around 10 kcal/mol, after which there
is a tail out to ~60 kcal/mol. This clearly appears to consist of two components: one of these
peaks at low energy typical of a ground state, barrierless dissociation, while the other
encompasses a broad distribution such as over a barrier or from an excited state process. We
have fitted it to a sum of two distributions each using a flexible form that readily represents these
two components:



Physical Chemistry Chemical Physics

P(ET) = a(ET/ETmax)b(l‘ ET/ETmax)c

and the result is shown in red in Fig. 6B. Also shown in

1ty .|| Fig. 6B is the recoil-dependent angular distribution
' summarized as B(Er). It is very illuminating to
examine this in light of results from Butler and
= coworkers at 193nm. They exerted considerable
8 effort to distinguish the contributions of Cs* (m/z=36)
20 from CsHs fragmentation in the electron impact
é ionizer to the HCI* signal at the same mass-to-charge
- ratio. They concluded that the HCl elimination P(E) is
1 A i ; i ]
880 920 960 1000 A
Transition frequency - 82000 (cm-1)
Fig. 5: Experimental HClI IRMPD REMPI

spectrum (top trace) and simulation at 85 K
(bottom trace).

bimodal with a minor peak at low
translational energy and a broad one
extending to 60 kcal/mol or so, much as we

see here. However, their low energy peak B
was roughly ten-fold lower than what is seen 1
here. We have argued above that initial
vibrational excitation gains direct access to
Sy, so it is reasonable to expect a component
in our HCI distribution that also resembles
the 193 nm result which was assigned to S,.
We suggest that the slow component is
ground state dissociation, mostly from direct
IRMPD, but there may be a small
contribution from internal conversion from ..
S2 that would also account for the analogous 0 Ll 0.5
peak in the 193nm result. The broad fast 0 20 40 60

P(E,) (arb)

component is then entirely due to IR-
enhanced UV dissociation through S;. This is
confirmed by the angular distributions which
are close to isotropic at low recoil energy but
become predominantly parallel in the region
of the dissociation attributed to S,. One
guestion that arises is how we could obtain a

total translational energy (kcal/mol)

Fig. 6: DC slice image of HCl (v=0,=1) (A) and
translational energy distribution (black) and
anisotropy parameter B (blue) (B) from 2-color
photodissociation of propargyl chloride. Red lines
show decomposition of the distribution to two
components (see text.)

Page 8 of 16



Page 9 of 16

Physical Chemistry Chemical Physics

rotational temperature of 85 K given the broad component of the translational energy
distribution that extends to such high energy. To fit both we would clearly require two different
rotational temperatures. Unfortunately, the high translational energy distribution associated to
the S; contribution is likely so Doppler broadened that it is lost in the considerable noise in the
REMPI spectrum, and we only detect the intense features near line centers that are associated

to the IRMPD.
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Fig. 7: Relative energies (in kcal/mol) of stationary points on the ground state singlet potential energy surface of
C3HsCl, including zero-point energy correction. The roaming TS is encircled in red. Values are from CBS-QB3
calculations and, in parentheses, from wB97XD/aug-cc-pVDZ calculations.

In our previous study we examined the excited state potential surfaces in some detail. Here, to
aid in understanding the IRMPD, we characterize stationary points on the ground electronic state.
The relative zero-point energies of all structures are shown in Figure 7. The threshold for CI
elimination is calculated to be 69.8 kcal/mol, in reasonable agreement with the value from the
Active Thermochemical Tables of 68.6.%% %2 Four different pathways have been identified for HCI
elimination to aid in understanding the dynamics of that process. Two of these lead to formation
of linear propadienylidene (I-CsHz) and another pathway gives cyclic propadienylidene (c-C3H>)
as the co-product of HCI, while a fourth gives singlet propargylene. The barrier for elimination
giving the cyclic product is prohibitively high at 127 kcal/mol. There is a pathway for direct HCI
elimination from propargyl chloride giving I-CsH, with a barrier of 103 kcal/mol. Direct HCl loss to
form singlet propargylene, HCCCH, is also possible as shown. We were unable to locate a
transition state for this and conclude it is barrierless and endoergic by 88 kcal/mol. Alternatively,
isomerization to 1-chloroallene has a barrier of only 58.8 kcal/mol, after which there is
dissociation at 66 kcal/mol. This is the lowest energy decomposition pathway. In this pathway
two transition states are found: one corresponding to the isomerization to 1-chloroallene and
the other to HCl formation from 1-chloroallene leading to a van der Waals well. The second
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transition state separating 1-chloroallene and the well, highlighted in Fig. 7, has the Cl atom in an
abstraction geometry rather than a 3-center or 4-center HCl elimination structure. This is much
as what we have seen for HCI elimination in Cl + butene reactions, for which only TSs of roaming
character connect the strongly bound adducts to the elimination of HCl at the allylic sites.®3 64
That is, the Cl atom has to come off of 1-chloroallene to attain the abstraction geometry. This
view is supported by the energy of the TS that is near that of the dissociated radical pair, as well
as its low vibrational frequencies: The TS has an imaginary frequency of -193.35 cm™ and two low
bound frequencies of 72.76 and 196.20 cm™.

Chirped-Pulse Quasi-Uniform Flow Detection of C3H:

To support our identification of the CsH, structure, we examined the 193nm
photodissociation of propargyl chloride in our CPUF apparatus, and the results are shown in Fig.
8. Although this is a different wavelength from that employed in the imaging study above, in both
cases we believe the HCI results from dissociation on the ground state so we expect the same
product isomer.

Results for propargyl chloride are presented along with those for 1,2 butadiene that we
previously studied to understand branching in propargyl radical dissociation. These experiments
were performed in a quasi-uniform flow at low temperature but in a collisional environment to
permit relaxation of the products to the local temperature (~ 14 K) for detection. In our previous
study, propargyl radical was first prepared by photodissociation of 1,2-butadiene. Absorption of
a second photon gives the radical products which are then cooled in the flow and detected. In
Fig. 8a we show representative raw signals on the indicated rotational transitions for I-CsH, and
c-CsH2 but additional transitions are included and averaged (after normalizing by the density and
weighting by the linestrength) to give the branching, I-CsH; /(I-CsH; + c-C3H3), shown in Fig. 8b.
The red spectra indicate times in the flow we associate with nascent photochemical products
after cooling to the flow temperature, 60-70 us after the photolysis laser. We attribute the
intensity and time-dependence of C3H; signals from 1,2-butadiene exclusively to H atom loss
from propargyl radical, with negligible contribution of CH4 loss from the parent molecule. Also
shown in Fig. 8 is the analogous result for propargyl chloride photodissociation. Although

10
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propargyl chloride does produce propargyl radical that can subsequently undergo the same
chemistry, CsH; products are also clearly formed directly by HCl loss from the propargyl chloride
parent as discussed extensively in the literature. Thus, the two precursors give rise to different
branching fractions between the C3H; isomers. In addition to H atom loss from the propargyl
radical that occurs for both propargyl chloride and 1,2 butadiene, for the former there is also
direct HCl elimination. The increased branching to linear over cyclic-CsH; seen in Fig. 8 shows that
[-CsH; is the dominant isomer formed following HCl elimination from propargyl chloride.
Subsequent disappearance of I-C3H; and appearance of intense c-CsH; (after 70 us) is ascribed to
H-atom catalyzed isomerization in the high-density region of the flow as discussed previously.®>

Singlet propargylene is also a possible product isomer, but we cannot detect it owing to its
negligible dipole moment. We would expect this to undergo H catalyzed isomerization to c-CsH,,
which would appear at later times, just as we have shown for the triplet propargylene and |-C3H..
We actually observe much less of the late c-CsH, from H-catalyzed isomerization in the case of
propargyl chloride. This may reflect secondary chemistry involving Cl atoms, but in any case it
does not suggest the presence of a distinct dark channel. The much higher energy onset of HCCCH

A

1,2-Butadiene Propargyl Chloride

I-C3H, | |

1-CaH, c-C3H,
413312 | 2127101 413312
80 ps ““’”::jfw L—m 80 S winAnAr ol e
ekttt T vwwwhﬂlvw
60 ps st g | P 60 s “u
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Fig. 8: CPUF rotational spectra for indicated CsHz isomers following 193nm photodissociation of 1,2-butadiene
and propargy! chloride (A). Branching to I-CsHz for propargyl chloride (blue solid line) or 1,2-butadiene (red
dashed line) (B).

also suggests it would be weak or negligible relative to the HCI loss from chloroallene under
conditions of IRMPD. Although we can readily determine the branching between the different
isomers detected, we do not know the probability of direct propargyl chloride photodissociation
vs. absorption of a second photon by the propargyl radical, so we cannot determine the
branching for HCl elimination from this data. In short, these rotational spectra for propargyl
chloride photodissociation at 193nm show enhanced formation of I-CsH; compared to 1,2
butadiene, supporting it assignment as the product isomer as identified in the ab initio
calculations.
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Conclusions

Translational energy distributions of Cl fragments reveal dissociation from multiple pathways,
including UV, IR-enhanced UV, and IRMPD processes in these expeirments. IRMPE results in the
enhancement of UV photodissociation processes and additional fast fragments and parallel
anisotropy which we attribute to access to S, from distorted geometries. IRMPD produces a high
abundance of slow Cl fragments and less slow Cl* fragments. We interpret these fragments
peaking at low energy to be the result of dissociation near threshold from the ground state. HCI
is likely formed both by IRMPD, peaking at low energy, and from S; extending to 60 kcal/mol. A
guantum chemical survey of the ground state PES indicates that the lowest energy
decomposition pathway involves isomerization to 1-chloroallene followed by a roaming-like
transition state that assumes an abstraction geometry to produce HCl and I-CsH». This is in line
with the cold rotational temperature measured for the low energy peak. CPUF experiments,
although performed at 193 nm, further support the production of I-CsH; in photodissociation of
propargyl chloride. Results presented here combined with our recent characterization of its UV
photodissociation provide an improved understanding of the potential energy landscape and
associated dissociation dynamics of propargyl chloride.

SUPPORTING INFORMATION DESCRIPTION
Geometries and intrinsic reaction coordinate calculations are provided.
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TOC Graphic

High power IR excitation coupled with state resolved imaging of propargyl chloride shows
both IR multiphoton dissociation and vibrationally-mediated photodissociation.
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