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193-nm photodissociation of acryloyl chloride to probe the unimolecular
dissociation of CH ,CHCO radicals and CH ,CCO
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The work presented here uses photofragment translational spectroscopy to investigate the primary
and secondary dissociation channels of acryloyl chloride £EEBHCOCI) excited at 193 nm.
Three primary channels were observed. Two C—ClI fission channels occur, one producing fragments
with high kinetic recoil energies and the other producing fragments with low translational energies.
These channels produced nascen, CHCO radicals with internal energies ranging from 23 to 66
kcal/mol for the high-translational-energy channel and from 50 to 68 kcal/mol for the
low-translational-energy channel. We found that all nascemy@HCO radicals were unstable to
CH,CH+ CO formation, in agreement with the G3//B3LYP barrier height of 22.4 kcal/mol to within
experimental and computational uncertainties. The third primary channel is HCI elimination. All of
the nascent CHCCO coproducts were found to have enough internal energy to dissociate,
producing CHC:+ CO, in qualitative agreement with the G3//B3LYP barrier of 39.5 kcal/mol. We
derive from the experimental results an upper limit oftZBkcal/mol for the zero-point-corrected
barrier to the unimolecular dissociation of the {LHHCO radical to form CHCH+CO. © 2004
American Institute of Physics[DOI: 10.1063/1.1644096

INTRODUCTION (CH,=C=C=0), which absorbed another photon, pro-
This work investigates the primary photodissociationdUcind COrvinylidene (HC=C:), which isomerized to
channels of acryloyl chloride (ClH=CHCOCI) excited at aclyte_zlenef. IX anoth_er_ Snljdy’ dm?thalll' examined Itheh?h%
193 nm as well as the unimolecular dissociation channels dPYS!S Of Ar-matrix-isolate -chloropropanoy! - chioride
the nascent CFCHCO radicals and C{CCO molecular C_H2CICH2_COCI) at)\>230 nm and analyzed the results
products formed in the primary photolysis. Acryloyl chloride using Fourier transform infrare(=TIR) spectroscopy. One

is known to exist in two major conformers, the s-cis and theOf the two major channels produced acryloyl chlordeCl

P ; hich absorbed another photon, giving the reaction
s-trans, as shown in Fig. 1. The s-trans is more stable thaf{ :
the s-cis by 0.6 kcal/mdiAlthough many studies of acryloyl CH,CHCOCI- CH,C: + CO+ HCl—HCCH+ CO+ HCI.

chloride have been presented in the literature, few have fo- The work presented here usgd photofragme.nt tra}ngla-
cused on its photochemistry. Arenelt al. studied the emis- tional spectroscopy to qharactgrlze the photodwsomaﬂqn
sion spectroscopy of acryloyl chloriderhe transition at 199 ¢hannels of acryloyl chloride excited at 193 nm and the uni-
nm was identified by configuration interaction with single molecular dissociation _channels of t?e nasce_nt radicals and
excitation(CIS) calculations as promotion of an electron into molecular produ_cts. USINGAUSSIAN 95° we ca_rrled out G?’//.

an orbital of 7* (C—C)/#* (C—0) character. This assign- B3_LYP calculations of the h(_eats of reaction and barrier
ment was supported by progressions in both the© and heights for the observed reaction channels.

C=0 stretch as well as several combination bands in the

emission spectrum. RAie et al® studied the photolysis of EXPERIMENT

argon-matrix-isolated acryloyl chloride at 10 K. At The experiments presented here were performed at the
>310nm, isomerization to  3-chloro-1,2-propenoneAdvanced Light SourcéALS) at Lawrence Berkeley Na-
(H2CICCH=C=0) was found to be the only pathway. At tional Laboratory. The experimental apparatus has been de-
shorter wavelengthk>230 nm, the isomerization rate was scribed elsewher® Briefly, a molecular beam of acryloyl
found to increase, and the resultant 3-chloro-1,2-propenonghloride was formed by bubbling He to a total backing pres-
followed two subsequent dissociation pathways. The firsture of ~725 torr through acryloyl chloride chilled to 0°C
was loss of CO to form a 2-chloroethylidene transientand expanding it through a 1-mm-diam-orifice general valve
(H,CICCH:), which isomerized to vinyl chloride; the sec- at room temperature. At 0 °C, 52% of the acryloyl chloride is
ond was HCI elimination forming HGipropadienone in the s-trans conformer. The molecular beam was inter-
sected with the 193-nm pulsed light from a Lambda Physik

aCurrent address: National Synchrotron Radiation Laboratory, University of-PX 220 excimer laser operating near 20 mJ/pUlS_e- The pho-
Science and Technology of China, Hefei, Anhui 230026, China. tofragments that scattered along the detector axis flew 15.2
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FIG. 1. s-trans and s-cis acryloyl chloride.
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cm where they were photoionized by tunable synchrotron
radiation. The resulting ions were then mass selected using i 02 L . , . ,
quadrupole mass filter and detected with a Daly detéctor. T 50 100 150 200 250 300
The synchrotron radiation passed through an Ar filter to filter Time-of-Flight, t (ts)

out higher harmonics for all spectra, as well as a Makn-

dow for spectra taken at a photoionization energy of 10.8 e\IG- 2. Time of flight taken atm/e=35 (CI") due to C—Cl bond fission,
taken at a 20° source angle and a photoionization energy of 15.0 eV. The

or less. Note that at the time these data were takety— ;a4 convolution fit to the data is broken up into two channels, which are
November 200§ the photoionization energy was miscali- shown in Fig. 3.

brated to the blue by approximately 0.2 eV and has recently

been recalibrated. Thus the photoionization energies given in

this paper are about 0.2 eV to the blue of the peak of the CH,CHCO— CH,CH+CO, (1)
photon distribution. Data for all photoionization efficiency

(PIE) curves shown were taken at a source angle of 20°, an CH.CHCO—CH,CCO+H, (1"
aperture of 5mm5 mm corresponding to an ALS band- CH,—CHCOCI- CH,CCO+ HCl, )
width ~3%, and were corrected for ALS power. The spectra

shown include ion flight time, but the fits were corrected for ~ CH,CCO—CH,C:+CO, )

; ; ; ; -1/2

this using an ion flight constan_t of 5.&23_(am@ . The CH,—CHCOCH CH,CH+ COCl, 3)
molecular beam was characterized by aiming the beam on

axis and analyzing the “hole” formed from the laser. CH,=CHCOCI}-CH,CHCI+ CO. 4

Note that the calculations suggest that reactitin can pro-
RESULTS AND ANALYSIS ceed only through the trans conformer. This is because the
We present below the data on the primary C—cl fissiornl©9S€ transition-state structure closely resembles the nonlin-
P b y ear propadienone product (GEICO). Also note that reac-

and HCI elimination channels of acryloyl chloride as well as;
the data on the unimolecular dissociation of the nascent" (2) proceeds through the trans conformer only. Although
| can be formed in its ground, CPRy,), or excited, Cl

CH,CHCO radicals and C{CCO molecular cofragments. ~ . . ;
We first give our computational results on the endoergicitie§ P1;2), spin-orbit state, the energy difference between the

and barrier heights for the channels to guide the analysis oqNo_ (2.5 kca_l/mo} Is too s_maII to_bg resolved. in th_ese ex
Jperiments. Likewise, despite the listing of barrier heights and

photolysis at 193 nm are shown in reactiss-(4), with the heats of formation for both conformers, they are indistin-

heats of reaction and barrier heights calculated using the G3gHishable given the expenmental_uncerta|nt|es in this study
B3LYP method, usingsaussiAN 9% shown in Table I. Pos- and the_ accuracy of the calculations. Therefore a_II energy
sible subsequent decomposition channels of the nascent rad@iculations to follow assume s-trans acryloyl chloride reac-

" tants and Cl {P5,) products unless otherwise stated.
cal and molecular products are shown as reactid@hs (1”), . 3/
and(2'): P tighs (1" Figure 2 shows the data takenrate=35 (CI") corre-

sponding to C—Cl fissiofreaction(1)]. The open circles are
CH,=CHCOCI- CH,CHCO+Cl, (1) the experimental data and the solid line is the forward con-
volution fit to the data. As can be seen, the spectrum is com-
prised of two C-CI fission channels. Although the exact
breakdown of the translational energy distributid?(E+) ]
describing C—ClI fission into two separd®E+)’s is some-
Reaction AHZ (kcal/mol) Barrier height(kcal/mo) what arbitrary, it was found to be necessary to use two sepa-

s-trans reactant s-cis reactant s-trans reactant s-cis reactar@te P(ET) s in order to fit the Secondary dissociation prOd_

TABLE I. Heats of reaction for reactiond)—(4) calculated using the G3//
B3LYP method. All barrier heights are zero-point corrected.

o 81.7 83.2 _ ) ucts of the nascent GY€HCO radical. The?(E+)’s derived

0 20.3 18.5 22.4 20.6 from the forward convolution fit to then/e=35 (CI") spec-

(1" 57.3 - 56.2 - trum are shown in Fig. 3. The top panel is tA€E) derived

(2,) 38.2 - - - from the forward convolution fit to the high-translational-
((23)) 14(%11 gg'é 395 395 energy C-Cl fission channel. As can be seen, it peaks near

(4) 139 0.2 i i 27 kcal/mol and extends to 45 kcal/mol. The bottom panel is
the P(E¢) derived from the forward convolution fit to the
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0.14 = T - FIG. 4. Time of flight taken atm/e=27 (CH,CH"), a source angle of 20°,
: . ow translational energy T . X .
o.12 b C-Cl fission and a photoionization energy of 12.0 eV, corresponding to vinyl radical
: fragments from the dissociation of the nascent,CHCO radicals. The
0.1p . high-translational-energy C—CI fission contribution and low-translational-
. . energy C—ClI fission contribution are the dashed and dotted lines, respec-
~ 0.08 | " tively. The P(E;)’s derived from the forward convolution fit are shown in
&) . * .
o) : ., Fig. 5.
A 0.06 . '9
0.04 & .
0.02}F e, . ciation. This is within the accuracy of G3//B3LYP calcula-
0 , , el tions (+2 kcal/mo) as well as experimental uncertainties.
0 5 10 15 20 We detect the unimolecular dissociation products,,CH
E_(keal/mol) +CO [reaction(1')] of the nascent CKCHCO radicals at
_ S _ X m/e=27 (CH,CH") and 28 (COJ). Data taken atm/e
FIG. 3. Translational energy distributions used to fittive=35 (CI") data =27[CH2CH+, reaction(l’)], a source ang|e of 20°, and an

in Fig. 2. The top panel corresponds to high-translational-energy C—Clbond .~ ~ . . .
fission(dashed line, Fig. 2and the bottom panel to low-translational-energy lonization energy of 12.0 eV are shown in Fig. 4. Note that

C—Cl bond fissior(dotted line, Fig. 2 All of the sibling CH,CHCO radi-  the recoil velocity from the primary photolysis event
cals have enough energy to surmount the 22.4 kcal/mol barrier to C-CQP(E+)’s shown in Fig. 3 had to be incorporated in the fit of
bond fission producing C}CH (mass 27} CO (mass 28). Th®(Er)’s  these data. In this as well as all other secondary dissociation
shown here had to be taken into consideration when fittingrttee= 27 and . o
m/e=28 data shown in Figs. 4 and 6, respectively, to account for the pri_channels, a _standard forvvqrd convolution fitting program
mary recoil velocity. was used, with thé>(E;) derived from the forward convo-
lution fit to the corresponding primary reaction entered to
account for primary recoil velocity and the(E;) for the
low-translational-energy C—CI bond fission channel, peakingecondary fission channel iteratively changed to fit the data.
near 1 kcal/mol and extending to 18 kcal/mol. Through con-The dashed line contribution in Fig. 4 is due to £HH
servation of energy, we find that the internal energy of thefragments from the dissociation of the nascent,CHCO
nascent CHCHCO radical isE;;=hv+ Evib—AH?m— Er, radical formed in the high-translational-energy C—Cl fission
whereE,;,= 1.6 kcal/mol is the average vibrational energy of process(dashed line in Fig. 2, top panel in Fig).3The
parent acryloyl chloride calculated at the nozzle temperatureotted line is due to the C4€H contribution from the sec-
of 298 K. The parent vibrational energy was calculated usingondary dissociation of the low-translational-energy C—Cl fis-
G3//B3LYP frequencies scaled by 0.96, and the parent rotasion CH,CHCO productgdotted line in Fig. 2, bottom panel
tional energy was assumed to be negligible. This gives @ Fig. 3). The translational energy distributions for the uni-
range of 23<E;,<66 kcal/mol for the high-translational- molecular dissociation of CZHCO derived from the for-
energy C—Cl fission channel and5&;,,<68 kcal/mol low-  ward convolution fit to the data are shown in Fig. 5. The top
translational-energy C—Cl fission channel. As shown in Tablganel shows the distribution of recoil kinetic energies for
I, G3//B3LYP calculations predict a barrier to GEHCO  C-C fission of the CHCHCO radical produced in the C-Cl
— CH,CH+ CO formation[reaction(1')] of 22.4 kcal/mol.  primary photolysis channel forming high relative velocities
Therefore, the majority of the nascent gZEHCO radicals of the Cl atom and the Cf#€£HCO radical(and correspond-
should have enough internal energy to dissociate, producinigpgly lower internal energy CKHCHCO radicalg The bottom
CH,CH (vinyl radical)+ CO. In fact, no signal was found at panel shows the distribution of recoil kinetic energies for
m/e=55 (CH,CHCO") after 40 000 shots taken at a source C—C fission of the CHCHCO radicals formed from the
angle of 10° and an ionization energy of 8.5 eV, 60 000 shot&£—ClI primary photolysis channel products with low relative
at a source angle of 7° and an ionization energy of 12.0 eWelocities. It is interesting to note that C—C fission of the
and 50000 shots at a source angle of 7° and an ionizatiolower internal energy radicals actually partitions more energy
energy of 8.5 eV, suggesting that all of the nascenfCHO  to the CO+ C,H; product recoil than C-C fission of the
radicals do indeed surmount the barrier to secondary dissdvgher-internal-energy group of radicals. We return to
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0.2 Secondary P(E ) from low E_ C-Cl fission FIG. 6. Time of flight taken ain/e=28 (CO"), a source angle of 20°, and
’ a photoionization energy of 15.0 eV, corresponding to carbon monoxide
fragments from the dissociation of the nascent,CHCO radicals. The
0.15 I high-translational-energy C—CI fission contribution and low-translational-
' energy C—ClI fission contribution are the dashed and dotted lines, respec-
tively, and the dot-dashed line is due to secondary dissociation of the na-
’u} 0.1k scent CHCCO product formed from HCI elimination. TH&E)’s derived
T from the forward convolution fit are shown in Fig. 5 for the C—Cl elimina-
tion contribution and Fig. 11 for the HCI elimination contribution.
0.05F
) T . m/e=27 (C,H3) is shown in Fig. 7. The Mgffilter was in
00 5 10 15 20 25 30 35 40 place for all data in the PIE curve. The appearance of signal
E_ (keal/mol) near 8.5 eV compares well to the 8.25 eV vinyl radical ion-

ization energy. This PIE curve is qualitatively similar to the
FIG. 5. Translational energy distributions used to fit thae/e m/e=27 (CZH:D PIE curve of vinyl radicals produced

=27 (CH,CH") data in Fig. 4. The top panel corresponds to secondary, _ - : :
dissociation from the high-translational-energy C-CI bond fissionthrough the 193-nm phOtOlySIS of mel Chlonae'

CH,CHCO radicals(dashed line, Fig. 2and the bottom panel to low- Figure 8 shows the data takenrate=36 (HCI") cor-

translational-energy C—Cl bond fission @EHCO radical dissociatiofdot- ~ responding to primary HCI eliminatiofreaction(2)] upon

ted line, Fig. 2. The P(Ey)'s shown in Fig. 3 had to be taken into consid- photolysis of acryloyl chloride at 193 nm, a channel that

s;?(t)lgi?y,m fitting of them/e= 27 spectrum to account for the primary recoil competes with the C—Cl fis_sion_channel. TFHGET) derived
from the forward convolution fit to the data peaks near 5
kcal/mol and extends to 49 kcal/mol, as shown in Fig. 9. This

o . ) leaves the nascent propadienone products D) and
this in the Discussion. Data were also collectednate

=28 (CO"), corresponding to the momentum-matched part-
ner of GHs; in reaction (1'). Figure 6 showsm/e m/e =27 (CZH;) PIE curve

=28 (CO") data taken at a source angle of 20° and a photo- 600 [
ionization energy of 15.0 eV. The dashed line corresponds to

the fit to the CO products from the dissociation of nascent § 500
CH,CHCO radicals produced in the high-translational- &
energy C—Cl fission channel, again using the secondary? 400
P(Et) shown in the top panel of Fig. 5. The dotted line in §, 300
Fig. 6 corresponds to CO products from the dissociation of & i
nascent CHKHCHCO radicals produced in the Ilow- E’g 200 L
translational-energy C—Cl fission channel produstscond- @

ary P(E1) shown in the bottom panel of Fig]5The dash- & 100}
dotted line contribution is attributed to CO products formed

in the dissociation of nascent GACO products from HCI 0 L 4 . L L
. . . , - . . 7.5 8 8.5 9 9.5 10 10.5 11

elimination[reaction(2’), P(Ey) shown in Fig. 11 and will Photoionizati v
be discussed shortly. We do not include contributions from otoionization energy (¢V)
dissociative ionization from. mass-.55 (§BHCO) or  FiG. 7. Photoionization efficiencyPIE) curve for them/e=27 (GH:)
mass-54 (CHCCO) products in the fit shown because theproducts formed from the secondary dissociation of the CHICO radicals
calculated energetics and primary prod®R{tE;) distribu- produced from C—ClI fission. Each point is the integrated area from 60 to
tions indicate that the CHCHCO or CHCCO products 3(_)O,us of signal accumule}’ted for ZOOOOISthrreCted for_ALS power

. . o .with a source angle of 20°. The data points are shown with error bars and
Shogld havg, in fac_:t, all underg_ong SE_COHda_lI’)_/ dissociation iRith straight-line extrapolations to guide the eye. All data shown were taken
the interaction region. A photoionization efficiency curve of with the MgF, window.
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o o
s 20°, 15.0 eV wl 20°, 14.0 &V
2 06 2 300
£ £
< 04 < 200
Z o2 Z 100
0 ko
. M 1 1 3 _100 1 1 'l '] I L A
50 100 150 200 250 300 350 400

‘2 L [
50 100 150 200 250 300 350 400

Time-of-Flight, t (1Ls) Time-of-Flight, t (ius)

FIG. 8. Time of flight taken at/e=36 (HCI*), a 20° source angle, and a F!G. 10. Time of flight taken at/e=26 (C,H;) at a source angle of 20°

photoionization energy of 15.0 eV. THe(E;) derived from the forward ~ @nd a photoionization energy of 14.0 eV. Tinée= 26 signal arises from the
convolution fit is shown in Fig. 9. dissociation of the nascent GECO fragments produced in the HCI elimi-

nation channel. It was found that all of the gE{CO products had enough
internal energy to overcome the 40.1 kcal/mol barrier to,CH-CO pro-
o . . duction. TheP(E+) describing HCI eliminatioriFig. 9 had to be taken into
HCI fragments with internal energies in the range<@z, account in the fitting of this data to account for the primary recoil velocity

<111 kcal/mol. Depending on how this internal energy isand is shown in Fig. 11.
distributed between the HCI and propadienone products,
some or all of the nascent propadienone may have more in- . o . . .
ternal energy than the 40.1-kcal/mol barrier to £HC: thg recoil velocity |mp§1rted in the primary photolysis step
(vinylidene)+ CO formation[reaction(2')]. There was no (.F'g' ,9) must be taken into account in the forward (.:or.wolu-
signal observed an/e=54 (CH,CCO') after 50000 shots tion fit to them/e= 26 data. TheP(Ey) for the _C—C fission
taken at a source angle of 10° and a photoionization energ annel of the n_asce_nt_ @BCO p.mdl.JCtS derived from the
of 10.8 eV. Data were collected a/e=26 (C,H;) and orward convolution fit is shown in Fig. 11. As can be seen,
m/e=28 (CO") corresponding to the products forzmed from 't Peaks near 6 kcal/mol and extends to 44 kcal/mol. We have
secondary dissociation of nascent {HO productgreac- used the assumption that the secondary dissociation of all
tion (2')]. The time-of-flight spectrum collected at/e propadienone products is represented by the same recoil ki-
=26 (GH;), a source angle of 20°, and a photoionizationnetic energy distribution, as obtaining a good fit to the data
energy olezi 0 eV is shown in Fig ’10 The data are fit as_did not require otherwise. To help determine the partitioning
suming secondary dissociation of all of the nascent propade/mie:;gal ene:gi to thedH.CI fLagmerlt, é‘. PIIElZ(:UR/e tsillkzntat
enone fragments resulting from HCI elimination. Once again,m €=3b was taken and Is shown i Fg. 12 As afl daia
shown were taken at ionization energies greater than 10.8 eV,
the MgF, filter was not used. A PIE curve was taken at
m/e=26 (C,H,) and is shown in Fig. 13. For this PIE

0.05
HCI elimination
0.04 |- Secondary P(E,) from HCI elimination
0.05 N
003 e
o 0.04 H \
= o0l | \
0.03 b N,
,-\l— ] \
0.01 o i "
= o0mk Ry
0 L ™,
0 10 20 30 40 50 60 001 L \
ET (kcal/mol) \
FIG. 9. Translational energy distribution derived from the forward convo- 0 0 1'0 2'0 3'0 4'0 = %0
lution fit to m/e=36 (HCI") describing HCI elimination shown in Fig. 8.
ET (kcal/mol)

Up to 50 kcal/mol is partitioned to translational energy, leaving the HCI and

CH,CCO (propadienongproducts with greater than 60.4 kcal/mol. All of
the CH,CCO products were found to have enough internal energy to overFIG. 11. Translational energy distribution derived from the forward convo-

come the 40.1-kcal/mol barrier to GB: + CO production. Thif?(Ey) had lution fit to them/e=26 (C,H3 ) data shown in Fig. 10, formed through the
to be taken into consideration when fitting th#e=26 (C,H,) andm/e dissociation of CHCCO fragments produced in the HCI elimination chan-
=28 (CO") data corresponding to the secondary dissociation of the nasceriel. Note that the velocity imparted in the HCI elimination channel had to be
propadienone fragmenti&lata shown in Figs. 10 and 6, respectiyety taken into accourtP(E+) shown in Fig. 9 in the forward convolution fit of

account for the primary recoil velocity. the GH; data.
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m/e = 36 (HCI") PIE curve secondary dissociation of C—CI fission produfteaction
200 (1"), dotted and dashed lintand the CO products produced
by secondary dissociation of propadienone resulting from
HCI elimination[reaction(2’), dot-dashed lingis 0.34:1. A
ratio of 0.68:1 also gave a similar fit to the data. Though one
might be tempted to use these ratios to give a crude estimate
of the branching between channe{@~-Cl fission and chan-
nel 2 (HCI elimination in acryloyl chloride, we do not be-
lieve a reliable branching ratio may be determined in this
way. Not only is the fit fairly insensitive to the ratio used, but
also the fast signal in the data in Fig. 6 near &8 is not
adequately fit with any trial ratio. This signal cannot be fit by
0 ; ! . ) y : the assumption that the fastest £3HHO radicals survived
105 11 115 12 125 13 135 14 145 secondary dissociation, so it is most likely due to an uniden-
Photoionization energy (eV) tified multiphoton process. A more reliable estimate of the
C—Cl fission/HCI elimination absolute branching ratio might

FIG. 12. Photoionization efficienc¢PIE) curve for them/e=36 (HCI") ; ; ; A AF i
products formed from acryloyl chloride HCI elimination. Each point is the be obtained by Integrating the Cland HCI" time-of fllght

integrated area from 60 to 28@s of signal accumulated for 10000 shots data and using the following equation:
(corrected for ALS power with a source angle of 20°. The data points are

shown with error bars and with straight-line extrapolations to guide the eye.

All data shown were taken without the MgRindow. cl _ Nei- TSer+ Qucl E

HCl  Nug+ TSuc+ Qo far

150 |-

100 |

Integrated area/ALS power

curve, the M'gE filter was in place for the spectra taken at a Cl 26679.4/3636.99 56 1 218 .
photoionization energy less than 10.8 eV and not used for == 76683.4/3724 534361 518" )
photoionization energies greater than 10.8 eV. To normalize

for this, the point in Fig. 13 at 10.75 eV is the 10.75-eV data ] ) ] ]

point taken without the filter and normalized to the dataWhereNyis the integrated area of the time of flight taken at

taken with the filter. We will return to the PIE curves in the the co+rre_sponding fragment m{e=35, CI'; m/e
Discussion. =36, HCI") in an equal number of laser shots, normalized

The dot-dashed line contribution shown in tie'e for ALS flux (36 mW for C|, 37 mW for HC|, both taken at
=28CO' time of flight in Fig. 6 corresponds to the 15.0 eV}, TS, is the theoretical scaling factéaccounting for
momentum-matched CO partner of theH3 product in re- Jacobian factors in the conversion from center-of-mass trail
action(2). In the fit shown, the ratio, appropriately correctedf‘o laboratory scattering frames, transit time through the ion-

for kinematic factors, between the CO products produced biZe" flux measured in time versus kinetic energy space and
angular and velocity distributions of the scattered photofrag-

ments, Q, is the photoionization cross section of spegigs
andf, accounts for daughter ion fragmentation of spegies
The photoionization cross sections for Ref. 10 and HCI
(Ref. 11 are known, and ¢ is unity. Because the HCI data
were taken at a photoionization energy of 15.0 eV, which

m/e =26 (CZH;) PIE curve

800
700 |-

% 600 should still be in the flat region of the PIE curve of HEig.
§ s00 | 14), f o was taken as l_mity as We_II. Equati@b) g_ives a
< value of CI/HCE 3:1. This estimate is only approximate, so
2 A00F we can only say that C—Cl bond fission is the more probable
g 300k reaction channel.
§D 200 b No signal was seen ah/e=63[COCI", reaction(3)],
£ at a source angle of 10° and a photoionization energy of 10.8
~ 100 eV over 50000 shots, at a 15° source angle and a photoion-
0 ; ; ; . . ization energy of 14.5 and 13.0 eV over 50 000 shots, and at
9 10 11 12 13 14 15 a source angle of 7° and a photoionization energy of 13.0 eV
Photoionization energy (eV) over 30000 shots. There was also no signal observed at

FIG. 13, Photoionization eficienciPIB for them/e=26 (GHZ) m/e=62 (CH,CHCI") corresponding to reactiof#), when
. 13. Photoionization efficienc curve for them/e= > o L
products formed from the dissociation of nascent,CBO fragments taken at a source angle of 10° and a photoionization energy

formed from HCI elimination. Each point is the integrated area from 50 toOf 10.8 ?V over 50000 shots and at a source angle of 7° and
400 us of signal accumulated for 20 000 shéterrected for ALS power @ photoionization energy of 13.0 eV over 50000 shots. As
with a source angle of 20°. The data points are shown with error bars anghentioned in the HCI elimination discussion, no signal was

with straight-line extrapolations to guide the eye. The data collected at e _ 4 . .
ergies less than 10.75 eV used the Mdfer and those above 10.75 eV did "found at m/e=54 (CH,CCO"), showing no evidence for

not. Data at 10.75 eV are the normalized signal taken with and without thd—H fission of the nascent GEBHCO radical[reaction
MgF; filter. (1")]-
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CHZCH=C=O radical rather than th&(?A’) ground-state

CH,—=CHC=O0 radical, which then experiences a larger
exit barrier when it dissociates. Although the dissociation

channel of the higher-energdA” CH,CH=C=O radical
might have a larger reverse barrier than the 2.1-kcal/mol bar-
rier to dissociation of theX(?A’) radical, this radical is
calculated® at the QCISD/6-311@l,p) level of theory with
zero-point corrections to be only 0.33 kcal/mol higher in
energy than the ground-staX¢?A’) s-trans radical. Though
¥ Ref. 15 gives a barrier of only 2.7 kcal/mol between the
Rahe 'é’ AT ground-stateX(?A’) s-trans radical and higher-energp”

9 10 11 12 13 14 15 radical, we note that this barrier is at a conical intersection,
so rapid conversion between the two radicals may be sup-
pressed. Because no signal was found at/e

FIG. 14. Comparison ofn/e=36 (HCI") photoionization efficiencyPIE) =54 (CH,CCO"), C-H bond fission of the C}CHCO
curves from 2—ch|(_)roproper(dashed lingand acryloyl chloridésolid line). radical to produce CHCCO[reaction (1)] was found not to

The acryloyl chloride PIE curve has been scaled to the 2-chloropropene PIE . -

curve to facilitate comparison. The 2-chloropropene PIE curve is reproducegompem with G_CO bond fission, as eXpeCtEd from the
with permission from Fig. 14, Ref. 13. calculated barrier heights alone.

The third major channel is HCI elimination, which pro-
duces the nascent HEpropadienone fragments with inter-
nal energies greater than 60 kcal/mol. Propadienone is
known to dissociate readily to form GB:+ CO [reaction

Acryloyl chloride excited at 193 nm was found to un- (2')].16 Therefore, if at least 39 kcal/mol of this available
dergo three major primary dissociation channels leading tdnternal energy is distributed to the propadienone {C8O)
two sets of chemical products. The first two result fromfragment, it should dissociate. The PIE curve in Fig. 12 can
C—Cl fission, one producing high-translational-energy prod{rovide a rough estimate of the amount of internal energy
ucts and the other producing low-translational-energy prodpartitioned to the HCI fragment. The appearance of signal
ucts. The presence of two C—Cl bond fission channels igvell before the 12.75-eV ionization energy of HCI signals
analogous to C—Cl bond fission of other systems involving dhe partitioning of considerable internal energy to the HCI
m—* transition, such as allyl chlorid®@ and fragment. The observed redshift is on the order of 1(2¥
2-chloropropené® The high-translational-energy channel kcal/mo). If this is used as a rough determination of HCI
most likely arises from an electronic predissociation via ainternal energy, it leaves the nascent propadienone fragments
state repulsive in the C—CIl bond, as seen in the othewith greater than 37 kcal/mol of internal energy, which is
systems?*3 |t is possible that the low-translational-energy qualitatively near the 39.5-kcal/mol barrier to C—CO fission.
channel results from C—ClI fission following internal conver- Our data show that all of the nascent propadienone fragments
sion to the ground electronic state. Time of flights measuredinderwent G-C bond fission to produce Gig:+CO, in
at m/e=35 (CI") determine that the nascent @EHCO  agreement with the above prediction. The barrier to,CH
radicals have greater than 23 kcal/mol of internal energy—~CH=CH rearrangement is predicted to be 1.5 kcal/fol,
assuming Cl {Pg,) formation. It was found that all of these so the rearrangement should occur readily. A concerted reac-
radicals undergo secondary dissociation to form vinyl radition for propadienone to directly produce HCEHKO has
cals (CHCH) and CQ[reaction(1')]. Within the experimen-  been proposetf but the supposition was created to explain
tal uncertainties and computational accuracy, this agrees witG,H,+ CO products formed despite an earlier vinylidene-
the G3//B3LYP 22.4 kcal/mol barrier to reactigh’). The  acetylene isomerization barrier height of 8.6 kcal/ffaDur
P(E+) describing C—C fission of the radicals from the low- attempts to find such a concerted transition state at the G3//
translational-energy C—Cl fission channel was fit using a staB3LYP level of theory failed. Using then/e=26 (GH,)
tistical translational energy distribution generated from anPIE curve shown in Fig. 13, it is not possible to distinguish
RRKM calculatiort* using the G3//B3LYP frequencies and between the two §H, isomers, as the ionization energies are
moments of inertia at the transition state. TREE;) used too similar (11.4 for acetylerfe and 11.37 eV for
was a weighted sum oP(E+)’s generated at CJCHCO  vinylidene?’ respectively. Based on the thermodynamic sta-
internal energies of 63.6, 60.8, 55.2, and 50.4 kcal/mol withbility of acetylene compared to Gi&: and the low barrier to
weightings of 1, 0.8, 0.25, and 0.1, respectiveleightings  isomerization, the dominant, 8, fragment is most likely
are proportional to their probabilityThe P(E;) describing acetylene.
C-C fission in the radicals from the high-translational- One might also consider 1-3 chlorine migration of acry-
energy C—Cl fission channel peaks near 5 kcal/mol, signifiloyl chloride to form 3-chloro-1,2-propenone, as seen by Pi-
cantly larger than the calculated barrier of 2.1 kcal/mol toétri et al2 The barrier to this isomerization channel was cal-
the CH,CH+ CO reverse reaction on the ground-state potenculated using the G3//B3LYP method to be 44.3 kcal/mol. As
tial energy surface. It is possible that high-translational-this is higher than the HCI elimination barrier 6f38 kcal/
energy C—CI fission produces an electronically excitedmol, it should not compete effectively. However, as the dis-

—& =2-chloropropene
—o— Actryloy! chloride

Integrated area/ALS power

Photoionization energy (eV)

DISCUSSION
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sociation channels of 3-chloro-1,2-propenone are the same &502-92ER14305L.J.B.). The Chemical Dynamics Beam-

those of acryloyl chloride, it is not possible to entirely rule line is supported by the Director, Office of Science, Office of

out isomerization to 3-chloro-1,2-propenone. Basic Energy Sciences, Chemical Sciences Division of the
It is interesting to compare the/e=36 (HCI') PIE  U.S. Department of Energy under Contract No. DE-ACO03-

curve (Fig. 12 with that from HCI elimination of 76SF00098. The ALS facility is supported by the Director,

2-chloropropene excited at 193 rimBoth acryloyl chloride  Office of Science, Office of Basic Energy Sciences, Materi-

and 2-chloropropene feature four-center HCI eliminationsals Sciences Division of the U.S. Department of Energy, un-

with similar transition-state HCI bond lengthd.907 and der the same contract.

1.897 A for propyne and allene formation from

2-chloropropene HCI eliminatiéh[B3LYP/6-31GQd)] com- ) '

pared to 1.85 A for acryloyl chioride HCI eliminatipnThe 2\|\’AV_' E' A':r Zﬁg:eg_e\r,vf‘%dr ;Wrﬁh;a;?]g' LJ f%i?éf?%ﬁﬁ%gm% c677

assumption that the HCI bond length at the transition state (1995,

determines the vibrational excitation of the HCI product in 3N. Pietri, M. Monnier, and J.-P. Aycard, J. Org. Che, 2462 (19989.

both 2-chloropropene and vinyl chloride HCI elimination :N- Pietri, J. Piot, and J.-P. Aycard, J. Mol. Stru43 163(1998.

was used to explain the similarity between'e=36 PIE X'"li:3',:r('§;2's§én\"\’|'ngf‘;ki§'s:urgBH’SI;CAhl'z%%t;'" GAUSSIAN 98 revision

curves from HCI elimination from 2-chloropropene and vinyl sx_yang, J. Lin, Y. T. Lee, D. A. Blank, A. G. Suits, and A. M. Wodtke,

chloride?! Extending this thinking, one would predict simi-  Rev. Sci. Instrum68, 3317 (1997).

ar acnoy chorde and 2coropropene=36 PIE (L5 O, 5oy S5, IEL BAS cgpns

curves., with th? HCI from acryloyl chloride b‘?'”g slightly Institute of Stazdards and’TechnoIogy, Gaithersburg, MD, 2001

blueshifted, as it has a slightly shorter H—CI distance at thesp a_ Blank, W. Sun, A. G. Suits, Y. T. Lee, S. W. North, and G. E. Hall,

transition state. Figure 14 shows the PIE curve from Fig. 12 J. Chem. Phys108 5414(1998.

plotted alongside the/e=36 PIE curve from HCI elimina- mJigAé R. Samson, Y. Shefer, and G. C. Angel, Phys. Rev. 56t2020

tion of 2'Ch'°r09rope”é? Indeed, the 2-ch|propropene PIE 11.(]. W.aéallagher, C. E. Brion, J. A. R. Samson, and P. W. Langhoff, J. Phys.

curve (dashed ling is slightly more redshifted and has a chem. Ref. Datd 7, 9 (1988.

lower rise than that of acryloyl chloridésolid ling). These  **M. L. Morton, L. J. Butler, T. A. Stephenson, and F. Qi, J. Chem. Phys.

PIE curves, attributed to four-center elimination, are signifi-lsili ZQﬁiﬁifog' £ Parsons, L. 3. Butler, F. Qi. O. Sorkhabi, and A. G

cantly redshifted from the PIE curve of HCI produced from ¢ ...  Bh E (o0 T ’ T

_ _ : Suits, J. Chem. Phyd14, 4505(2001).
allyl chloride excited at 193 nm, which could result from a 4w, L. Hase and D. L. Bunker, a general RRKM program, 1974 QCPE 234.

three-center eliminatiott. !®A. L. Cooksy, J. Phys. Chem. 202, 5093(1998.
18R, F. C. Brown, F. W. Eastwood, and G. L. McMullen, Aust. J. PI8G;.
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