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Competing isomeric product channels in the 193 nm photodissociation
of 2-chloropropene and in the unimolecular dissociation of the
2-propenyl radical
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This paper presents product translational energy spectroscopy measurements of the primary
photofragmentation channels of 2-chloropropene excited at 193 nm and of the unimolecular
dissociation of the 2-propenyl radical. Tunable vacuum ultravioléiV/) photoionization of the
products allows us to distinguish between the various product isomers formed in these processes.
The data show evidence for three significant primary reaction channels in the dissociation of
2-chloropropene: An excited-state C—Cl fission channel producing fast Cl atoms, a C—Cl fission
channel producing slow Cl atoms, and HCI elimination. A minor C@sion channel contributes

as well. The measured branching of the major primary product channels is:
[fast C—Cl]:[ slow C—CIJ:[ HClI elimination|= 62%:23%:15%. The experiments also allow us to
resolve selectively the product branching between the unimolecular dissociation channels of the
2-propenyl radical, a high energy;l@s isomer; we measure how the branching ratio between the
two competing C—H fission channels changes as a function of the radical’s internal energy. The data
resolve the competition between the unimoleculardiiene and H-propyne product channels from

the radical with internal energies from 0 to 18 kcal/mol above thepkbpyne barrier. We find that

the barrier to H-allene formation from this high-energy;8s radical is higher than the barrier to
H+propyne formation, in agreement with recent theoretical calculations but in sharp contrast to that
predicted for the most stable;ds isomer, the allyl radical. The experiments demonstrate a general
technique for selectively forming a particula i€, isomer dispersed by internal energy due to the
primary photolysis, thus allowing us to determine the branching between unimolecular dissociation
channels as a function of the selected radical isomer’s internal energ200@ American Institute

of Physics. [DOI: 10.1063/1.1345877

I. INTRODUCTION method presented here opens up the study of the unimolecu-
lar dissociation processes of a wide range of normally elu-
One of the most basic goals of chemistry is to determinesive isomeric radical species.
the products of chemical reactions when several pathways Despite its common use in organic synthesis and its
are possible. This goal is often difficult to achieve whenwell-characterized infraredR) spectroscopy;® we found
products include more than one isomer of the same specig® UV-vis absorption spectra of 2-chloropropene in the lit-
or when short-lived radicals are involved as either reactantgrature. However, because of the molecule’s structural simi-
or products. The 193 nm photodissociation oflarity to the better-characterized vinyl chloride, we expect a
2-chloropropene (KCCCICHy) first provides the opportu- Strong absorption band in the region of 193 nm to excite a
nity to investigate the competition between bond fission andPfimarily wa* transition. This paper reports the UV absorp-
molecular elimination product channels occurring in compeion spectrum from 300 to 190 nmb initio calculations of

tition on both the ground electronic state and excited electh® low-lying excited electronic states of 2-chloropropene,

tronic potential-energy surfaces. More importantly, the ex-and the emission spectrum from the molecule excited at

perimental method presented here also allows us to study th1€99_7 nm; those data confirm our expectation that absorption

: . " o
competing C—H bond fission processes of the 2-propenﬁt 193 nm excites a7 transition analogous to that in vinyl

radical, a GHs radical isomer 19.4 kcal/mol higher in chloride.

. . : . A rather large number of dissociation and elimination
energy than the allyl radical, with the radicals dispersed by . .
. : . . . ..’ reactions are open to 2-chloropropene excited by a 193 nm
internal energy in the primary photolysis. The isomerization

d unimolecular di i f th dical h ) hoton. In addition to the obvious primary reactions, it is
an ynlmo ecular .ISS(‘)CIa |oq of this rq ical has recelve_ ossible for many of the primary products to have sufficient
considerable attention in studies where it was embedded i

oticd—3 X 46 . ternal energy to undergo secondary dissociation reactions.
CgHs kinetics™ or allyl radical dynamicS™ studies. The | the following list of energetically allowed reactions, sec-

ondary dissociation reactions are shown as indented and only
¥Electronic mail: I-butler@uchicago.edu some are given:
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H,C=CCICH;—H,C=C* CI+CH,,
AH~101.6 kcal/mol®!! (1)
H,C=C* Cl—-C,H,+Cl, AH~22.6 kcal/mol:*? (2)
H,C=CCICH;—H,C=C* CHz+Cl,
AHg~93.4 kcal/mol® (3)
H,C=—C* CHz—H,C—=C=—CHj(alleng + H,
AHy=35.0 kcal/molt (4)
H,C=C* CH;—~HC=CCHy(propyne + H,
AHo=33.9 kcal/molt (5)
H,C=CCICH;—H,C=C=CHj(allene + HCl,
AHo=26.1 kcal/mol**® (6)
H,C—C=—CH,—HCCCH,(propargy) + H,
AH,=87.8 kcal/molt® (7)
H,C—=CCICH;—HC=CCH;z(propyne + HClI,
AHo=25.0 kcal/molt’ (8)
HC=CCH;—HCCCH,(propargy) + H,
AH,=88.7 kcal/molt® (9)
H,C—=CCICH;—HCCCICH;+H,

AH~109 kcal/mol*®*8 (10)
H,C—=CCICH;—H,CCCICH,+H, (11)
H,C—CCICH;—CCCICH;+H,,

AH~91 kcal/mol®*® (12)
H,C—CCICH;—H,CCCICH+H,. (13

Elimination of HCI from 2-chloropropene can result in the
production of either allene (}£=C=CH,) or propyne
(HC=CCH;), as indicated in reaction®) and (8). If the
elimination takes place across the double bond, forming pro*
pyne, it may be useful to compare the result of the
2-chloropropene elimination reaction with HCI elimination
in vinyl chloride. In the latter molecule, both 1, 1 and 1, 2
(i.e., 3-center and 4-cenjeeliminations are possible. Previ-
ous work on vinyl chlorid®° has led to the proposal®®
that the HCI elimination takes place via a 1, 1 mechanism
although the evidence is not conclusive. Since allene antf’

propyne have different ionization potentiafsit is in prin-

ciple possible to distinguish which products are formed in
the 2-chloropropene HCI elimination by measuring the ion-
ization onset of the mass 40 photoproduct. A difficulty ex-
ists, however, because the barrier to isomerization from pr

pyne to allene

HC=CCH;—H,C=C=CH,, (14)

0O-
C

Mueller et al.

is only about 65 kcal/mal?’ The maximum energy available

to the propyne products formed in HCI elimination is over
120 kcal/mol, thus the mass 40 products are susceptible to
secondary C—H bond fission as well as isomerization.

There are two particularly interesting pairs of competing
product channels, the HCI elimination reactidiés and (8)
in the dissociation of the 2-chloropropene parent and the
C—H bond fission reactiong) and(5) in the secondary dis-
sociation of the 2-propenyl radical. The calculated energetics
of each transition state are shown in Fig. 1. The barrier to the
HCI elimination forming allend6) is nearly identical to the
one for HCI elimination forming propyné8).%° Ab initio
calculations by Daviet al' to determine the barriers to hy-
drogen atom loss from the 2-propenyl radical to give the
isomers allene and propyhé&l) and(5), respectively show
these barriers to be very similar as well. Their results, ob-
tained at the G@B3LYP) level of theory! give values of
37.1 kcal/mol for the barriefzero-point correctedto disso-
ciation yielding propyne, and 38.1 kcal/mol for the reaction
yielding allene. Thus, assuming ground-state reactions, the
branching between the two HCI elimination reactions and
between the two C—H fission reactions is largely controlled
by the tightness of the transition stateproviding a particu-
larly clear example of the importance of freezing internal
rotors in controlling the rate of a chemical reaction.

In this work, after reporting the UV absorption spectrum
of 2-chloropropene and the emission from the molecule ex-
cited in thew#* absorption band, we focus attention on de-
termining the competition between the primary dissociation
reactions of 2-chloropropene and the secondary dissociation
channels of the nascent 2-propenyl radical products. We use
the experimental method of photofragment translational en-
ergy spectroscopy, measuring the photoproduct velocity dis-
tributions in a crossed laser-molecular beam apparatus, but
employing the scattering apparatus at the Advanced Light
Source in Berkele3? to allow us to use tunable photoioniza-
tion detection of the products. In this way we can not only
distinguish between allene and propyne produgthich
have different ionization energie® but we can use the
products’ neutral time-of-flight to determine which came
from primary HCI elimination and which came from second-
ary C—H fission from the primary 2-propenyl product of re-
action (3). The experiments also provide one more exciting
piece of information not previously revealed in any experi-
ment, but reported in a preliminary communication of this
work 3 Because the primary C—Cl bond fission channel pro-
duces the high-energy 2-propenyl radid¢ah isomer 19.4
kcal/mole higher in enerdythan the most stable 85 radi-
cal isomer, the allyl radicalwith neutral product recoil ve-
locities which identify the internal energy of the nascent
radical, the radicals are effectively dispersed by their internal
energy. Then because C—H fission from the radicals formed
with enough internal energy to dissociate produces mass 40
products travelling with essentially the same velocity as their
2-propenyl parents, the arrival time of the mass 40 product
identifies the internal energy of the radical from which it
ame! Thus, we can measure how the branching between the
H+allene(4) and the Hr-propyne(5) product channels from
the unimolecular dissociation of the 2-propenyl radicals
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FIG. 1. (Color) Energetics of the 2-chloropropene HCI elimination channels with calcul@®e#l 30 barriers assuming dissociation on the ground-state
potential-energy surface, and the C—H fission channels of the 2-propenyl radicals formed from C—Cl fission in 2-chloropropene. The inset stahwes the pro
kinetic energies imparted in C—Cl fissidRig. 5 and producing 2-propenyl radicals in three internal energy groups: a group shown in orange with internal
energies below the dissociation limit tothbropyne, a group shown in red with internal energies near but above the dissociation threshold, and the highest
internal energy group of radicalblue), with median internal energy about 15 kcal/mol above the barriertptdpyne. The barrier energetics shown for the
radical dissociation are taken from those calculated in Ref. 1.

changes as a function of internal energy in the radical withpressure is~255 Torr; the total pressure of the gas mixture
an energy resolution of about 3 kcal/m@ven though the is 615 Torr. We generate the 199.7 nm excitation light by
radicals are formed with a wide range of internal energies irRaman shifting the fourth harmonic of an injection-seeded
the primary photolysis step Comparing the measured Nd:YAG laser(Continuum Powerlite 9020n 50 psi of H,.
change in branching as a function of internal energy to Rice-An input of about 100 mJ/pulse at 266 nm give400 wJ/
Ramsperger—Kassel-Marc(RRKM) predictions allows us pulse at 199.7 nm. The emission from dissociating molecules
to extract information about the relative A-factors of the twois imaged into a 0.275 m spectromeiéicton SpectraPro
decomposition pathways and the relative heights of the ba275, slit width 3 um) and dispersed with a 2400 gr/mm
riers to C—H fission from the high-energy 2-propenyl radicalholographic gratingMilton Roy) onto an optical multichan-
isomer. The data thus give an unprecedented window intael analyzenEG&G PARC 1456B-990-HQ With this ex-
the unimolecular dissociation reactions of selectively pro-perimental configuration, our resolution is about 25 ¢m
duced hydrocarbon radical isomers. full width at half maximum(FWHM).

Il. EXPERIMENT

A. UV-vis absorption spectrum and emission
spectroscopy B. Photofragment translational spectroscopy

The gas-phase UV-vis absorption spectrum of  These experiments measure the recoil velocity distribu-
2-chloropropene was collected with a HP 8453 Diode-Arraytions of fragments from the photodissociation of
UV-Visible Spectrophotometer. 2-chloropropene boils at 29%2-chloropropene excited at 193.3 nm and the arrival times of
K, so covering the bottom of a room temperature 1 cm pattithe secondary products from the dissociation of 2-propenyl
length cuvette with sample provides enough vapor to acquireadicals formed in the primary photolysis. We carried out the
the spectrum. The 2-chloropropene in this and all other worlexperiments using the rotating-source, fixed-detector mo-
described in this paper was purchased from Aldri@B%) lecular beam apparatus on the Chemical Dynamics Beamline
and used without further purification. at Lawrence Berkeley National Laboratory’s Advanced

The apparatus used to obtain the emission spectrum dfight Source(ALS). The key feature of this apparatus, which
2-chloropropene excited at 199.7 nm has been describeuhs been described in detail elsewh®rés that photofrag-
previously>*3® The laser crosses a free-jet expansion ofments are ionized in the detector using tunable VUV photons
41% 2-chloropropene in He through a pulsed valve with 0.5rom the ALS rather than by the more traditional electron
mm diameter orifice. The gas mix is formed by bubbling Hebombardment method. This “soft” ionization largely pre-
through 2-chloropropene maintained at 0 °C, where its vapovents photofragments from cracking during the ionization
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process, making it much easier to identify secondary disso-  _ 025
ciation products than if electron bombardment ionization is s
used. s 02
We generate the 11.6% 2-chloropropene—He pulsed mo- g
lecular beam by bubbling helium through 2-chloropropene g 0.15
cooled to—26 °C and expanding the resulting gas mixture a;f 0.1
through a General Valve wita 1 mmorifice. With a backing S
pressure near 800 Torr and a nozzle temperature of about g 0.05
150°C there is no evidence of clusters in the molecular £
beam. Proper analysis of the data requires knowledge of the = . . : : :
molecular beam velocity and velocity spread, which we mea- 200 220 240 260 280 300

sure by directing the molecular beam straight into the detec- Wavelength(nm)

tor and analyzing the shape of the “hole” the laser burns _
FIG. 2. Absorption spectrum of gaseous 2-chloropropene. The spectrometer

mto the signal at the parent m0|ecqle _mass. This procedl.“@ likely saturated just below 220 nm, as we expect#té& absorption to be
gives a peak molecular beam velocity in the number densitys strong as in vinyl chloride.

distribution, N(v), of 1137 m/s and a velocity spread
(Av/vy) of 0.29 withAv calculated from the full width at

half maximum ofN(v). _ _ near 220 nm. We believe the structure at the top of the peak
The laser used in this work is a Lambda Physik LPX-200m3y pe the vibrational structure of the predissociative elec-

excimer laser operating on the 193.3 nm ArF transitionyonic state accessed in the absorption. The spectrum be-

Varying the laser power from 1.5 to 36 mJ/pulse showed thg,een 300 and 1100 nm, also acquired but not shown in the

dissociation to be the result of single-photon absorption, bufigure, displays no absorption features detectable with our
saturation effects become significant at the higher powers, SSectrometer.

we collect data at laser powers of 5—10 mJ/pulse. The laser

beam, focused to a 2 mx¥d mm spot, intersects the molecu-

lar beam at an angle of 90°, perpendicular to the plane deg, Emission spectroscopy of 2-chloropropene excited
fined by the molecular beam and the detector axis. Moleculest 199.7 nm

that absorb light dissociate, and a small fraction of the prod-

ucts scatter into the detector, traveling 15.2 cm to the poin& hi ited at 199.7 Th " S
where they are ionized by tunable VUV radiation from the -chloropropene excited a -/ nm. The Spectrum 1S simi-
lar to the emission spectrum of vinyl chlorid@We assign

ALS. The characteristics of the light source have been de- .
scribed in detail elsewheré.The photoionization efficiency the strongest fe.ature,.appearlng near 1625]‘;”0, V% (the
curves presented in this paper were taken with a light sourc(e::C stretch with a I|teraEure value of 1640 cmi.” The
bandwidth of 2.2% and most of the photofragment time-of-peaks at 325.6 and 4880 cithus correspond to.’% apd
flight spectra(except the mass 40 10 eV spectrum, as noted Vs respectively. Two quan}all afig, the C=C Ev¥|s7t, (!'t'
in its figure caption were taken with a light source band- erature value OfV19%692_H(_:lm , 2vig~1384cm ) %\{e
width of about 4.5%. A gas filter filled with about 25 Torr Ar 1S€ 10 the peak at 1378 cm The feature near 2990 cmis

eliminates unwanted higher harmonics of the undulator rafiSSIgned ass, the Ch %/r?m_etrlc stretch, \.Nh'Ch has a lit-
diation. A MgF, window filters out any remaining high- erature value of 2992 cn1.’ Finally, we assign the peak at

71 .
energy photons when the probe energy is below abou§4§fr;n asvy,, the C—Cl stretchiliterature -value of 64l
10.5 eV. cm ). To understand the observed absorption and emission

lons of the desired mass are selected using a quadrupo?@eCtra’ we performed configuration interaction with single

mass filter and counted as a function of time using a Daly
detector. The previously calibrated ion flight time My,
constant ofa=5.81us/amd’? was used to correct for the v, C=C siretch
flight time of the ion through the mass spectrometer; figures 5
show total (ion+neutral) flight times. Rough photofragment vy CClstretch
angular distribution measurements of the Cl and HCI prod- vy CH, sym stretch
ucts showed both to be nearly isotropic, so an anisotropy
parameter of 0 is assumed for all product branching determi-
nations.

Figure 3 shows the emission spectrum of dissociating

C=C torsion

Intensity (arb. units)

Ill. RESULTS AND ANALYSIS

A. UV-vis absorption spectrum of 2-chloropropene 0 1000 2000 3000 4000 5000 6000

~ ~ -1
In Fig. 2 we present the UV-vis absorption spectrum of s ™ Vemie (M)

2-ch|0r0propene from 190 to 300 nm. As eXpECted’ It ISFIG.3. Emission spectrum of gaseous 2-chloropropene excited at 199.7 nm,

qualitatively Sm_"'lar to_ that of vinyl Chlqudé. The main  potted as a function of the wave number of the absorbed photon minus the
feature to note is the first strong absorption band growing irwave number of the emitted photdthe Raman shijft
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electron excitationg§ClIS) ab initio calculations usingAUSSs- 1
IaN 98°° to characterize the nature of the electronic transition

near 200 nm. We used the MP2/6-3183{) [(MP2) 0.8
second-order Moller—Plesgetoptimized geometry from :
camess-ug? for these calculation® The CIS calculation,
restricted to singlet spin states, gave a vertical excitation en
ergy to the bright state of 7.8411 eV, thus overestimating it
by the 1 to 2 eV typical for CIS calculations, and identified
the electronic character of the transition as primatity™*,
similar to that in vinyl chloride. Thus, the forces in the
Franck—Condon region act to stretch the=C bond, result-
ing in the strong emission to the feature as also observed
in vinyl chloride®®

m/e = 35, (CI")
15°

0.6 L

04t

=
38
T

=
T

T
=5

35

Intensity (arb. units)
L

C. Photofragment translational spectroscopy
of 2-chloropropene

=

[

T
ooy

The data show evidence for several primary reaction 0.6 A '

channels: C-CI fissioni3), HCI elimination[(6) and (8)], H

and a minor C—CHlfission channell), as well as several 04}

subsequent secondary dissociation processes, as detailed t :

low. Contributions from Reactiond.0)—(13), which involve 02k 13

loss of H and H, may only be detected in the data presented

here if the dissociation releases considerable energy to proc | E—— a

uct translation. Time-of-flighf TOF) spectra collected for ! - - -

30000 laser shots ah/e=75C;H,Cl") and 74C;H,Cl™) g 50 o Fli 20 i “% &y
o ) . ight Time (ps)

and a source angle of 5° show no significant signal, so if any

products from loss of H or fare formed, those dissociations FiG. 4. (Color) Time-of-flight spectra collected with a photoionization en-

must not be releasing more than 6.69 and 3.3 kcal/mol, reergy of 13.5 eV of then/e=35 signal with source angle shown. The signal
spectively, to product translation. is assigned to VUV ionization of th&Cl atom photofragments from C—Cl
bond fission in 2-chloropropene. Experimental data is shown with open

1. Atomic chlorine loss and subsequent secondary circles. Fits shown are calculated from the C—Cl bond fission product trans-
dissociation of the 2-propenyl radical lational energy distributions shown in Fig.(&nd in the inset in Fig. )1
Since lower internal energy momentum-matched 2-propenyl radicals are

In Fig. 4 we show the TOF spectra aofle=35Cl") produced when more energy is imparted to translation in the C—Cl fission,

collected for 200 000 shots at source-detector ang|es of 15ke orange fit shows the Cl atoms momentum-matched to the stable mass 41
2-propenyl radicalgsee Fig. 6, the red fit shows the Cl atoms momentum-

and 35° and a phot0|on|zat|on energy of 13.5 eV. Two MalN,atched to near-threshold but dissociative 2-propenyl radicals that undergo
peaks are evident: A sharp, fast one centered0us and  c—H bond fission and give mass 40 allene/propyne prodsets red con-
a broad, slow one near 156s. Figure 5 shows thB(ET)’s tribution in Fig. 7, and the blue fit shows the Cl atoms momentum-matched
obtained by forward convolution fitting of the/e= 35 spec- to higher int_emal energy dissociative 2-propenyl radicals that also undergo
, . C—H bond fission and give mass 40 allene/propyne prodsets blue con-
tra. Note that the two fad®(Ey)'s shown in orange and red tribution in Fig. 7. Figure for 15° angle is adapted from Ref. 33 with
combine to give a single peak. We treat the two componentgermission of the authors.
separately rather than combining them into one distribution
because the C—ClI fission reactions releasing the largest en-
ergies to product translatiofthe Cl atoms from which are slowest Cl atomq27% of C—CI fission events, shown in
shown in the orange linggive momentum-matched mass 41 blue) and the slower of the two groups of Cl atoms contrib-
partner radicals with internal energies low enough that thewting to the fast peak in Fig. 3% of C—ClI fission events,
are stable to secondary dissociation. The TOF spectra afhown in red are formed with enough internal energy to
m/e=41, GH.: at angles of 15° and 35° and photoionization dissociate, and do so. As a result, they are not detected at
energies of 10.5 e\with the MgF, window) shown in Fig. 6 mass 41, but rather at the secondary product masses. Three
thus contain only a single, sharp peak which is fit by thesecondary dissociation channels are energetically allowed
orangeP(E+) in Fig. 5. ThisP(E) corresponds to C—CI and potentially viable from a i5 isomer: H atom loss to
fission that releases enough energy to product translation tmake allene, H atom loss to make propyne, and C—C bond
produce a stable 2-propenyl radical. The fits to the mass 3fission to CH+C,H,. (The barriers to H elimination are
spectrum show that about 50% of the C—CI bond fissiorlikely to be considerably higherFigure 7 shows then/e
events yield stable 2-propenyl productd. the 2-propenyl =40(C;H;) TOF spectra obtained at a photoionization en-
radicals formed in the chlorine loss channel were all stable t@rgy of 11 eV. Two main peaks appear in these spectra: A
secondary dissociation, no peaks should appear in the Clsharp, fast one near 103 and a broad, slow one centered at
spectra that do not also appear in the 2-propenyl spectra e250 us. The two slowerP(Et) distributions shown in red
cept a small contribution from secondary dissociation ofand blue in Fig. 5 fit these peaks. This is to be expected, as
C,H,CI, R2). 2-propenyl radicals momentum-matched to thethe recoil velocity imparted to the mass 40 product from the
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Produces dissociative radicals LE EP mie=41,(CH +}
0.06 with higher internal energies ) 33
08| # 15°, 10.5eV
Produces dissociative radicals .:'.“q
near the C-H fission threshold 0.6 3 ‘;
,-—r_'l"::Idl [ Produces stable b i |
[ 2-propeny] radicals 4
a - detected at mie = 41 0.4 L 4|
L]
0.02 y/ —_ | %
8021 + T
L = o P oo g
% 20 30 ) 50 § et : i
] Ik =1 +
E_ (kcal/mol) F= m/e =41, (C,H_')
= F .
2 0RL ® 35°, 10.5eV
FIG. 5. (Color) Product kinetic energy distributionB(Ey), for C—Cl bond E ,:
fission in the 193 nm photodissociation of 2-chloropropene derived from 3':' !
forward convolution fitting of the signal in Fig. 4. These C—Cl bond fission 0.6 4
distributions produce three groups of momentum matched 2-propenyl radi- '“cg
cal products in a ratio of 49.7%orange: 23.0% (red): 27.3% (blue). The k|
orangeP(E;) derived from fitting the fastest signal in the Cl atom TOF fits 0.4+ 4 L
the remaining stable mass 41 products. The red and theR{lHe)’s pro- 3
duce dissociative 2-propenyl radicals with, respectively, near threshold in- o2l L
ternal energies and internal energies centered on an energy 15 kcal/mol
higher than the barrier to C—H fission in the radical, so the momentum-
matched partner dissociates and does not contribute to the mass 41 spectrt 0k

in Fig. 6. However, since C—H bond fission in the dissociative radicals does

not alter the mass 40 product’s velocity from the velocity the parent radical _ d

had from the precursor’'s C—Cl bond fission, we can predict the arrival times Flight Time (ps)

in Fig. 7 of the mass 40 products from the radical dissociation from the red

and blueP(E;)’s and in this way identify the internal energy of the radical FIG. 6. (Color) Time-of-flight spectra collected with a photoionization en-

that resulted in propyne or allene product at each arrival time in the mass 46rgy of 10.5 eV of then/e= 41 signal with source angles shown. The signal

TOF spectrum in Fig. 7. is assigned to VUV ionization of the stablghg; radicals from C—Cl bond
fission events in 2-chloropropene releasing more than about 19 kcal/mol of
energy to product translation. Experimental data is shown with open circles.

. . . . Lo . Fit shown is calculated from the orange C—ClI bond fission product transla-
C—H fission in 2-propenyl radical dissociation is so smalltional energy distribution shown in Fig. 5.

(mass 1 recoiling from mass #€hat the mass 40 propyne/
allene product must travel at essentially the same velocity as
its particular parent 2-propenyl radical. Thus, the time-of-changes with internal energy in the radical. First, we obtain
arrival of each mass 40 product gives essentially no informaphotoionization efficienc{PIE) curves by measuring, as a
tion on the energy partitioned to product translation in thefunction of photoionization energy, the amountrofe=40
secondary dissociation, but it gives us critical information onsignal arriving in a particular time gate. Proper choice of the
the internal energy of the parent 2-propenyl radical fromtime gate allows us to examine the allene/propyne dissocia-
which the mass 40 product came. The arrival time distribution products from the near-threshold internal energy
tion of the propyne versus allene products from the2-propenyl radicals separately from the allene/propyne prod-
2-propenyl radicals dispersed by internal energy in the priucts from higher internal energy 2-propenyl radicdlBhe
mary C—CI photolysis step thus gives us a direct measure gdroducts with arrival times between 120 and 3@0are from
the change in branching between the-ptopyne and the the higher internal energy group of 2-propenyl radicals, with
H-+allene radical dissociation channels as a function of thenedian internal energy 15 kcal/mol above the C—H fission
internal energy in the radical. We exploit this, as discussedbarrier) Figure 8 shows the photoionization efficiency
below. Note that very few, if any, 2-propenyl radicals un- curves obtained for various time gates of thee=40 signal.
dergo C-C bond fission, since retaining the same relativEor comparison, Fig. 9 shows the photoionization efficiency
probabilities of the slowes27%) and near-threshol23%) curves of molecular beams of pure allene (+B.69 eVy!
2-propenyl radical productés predicted from the relative and pure propyne (1.E:10.36 eV)f! with the same band-
intensities of the Cl atom momentum matched parfjnerswidth photoionization source. Certainly, the partial PIE
gives the good fit shown in Fig. 7 to the mass 40 secondargurves of the mass 40 signal from the dissociation of both the
products from each group of radicals. The shoulder on th@ear-threshold 2-propenyl radicals and the higher internal en-
fast side of the 10Qus peak in Fig. 7 results from propyne/ ergy radicals are due primarily to propyne, but some allene is
allene produced in primary HCI elimination. This will be likely formed as well. At first glance, one might expect that
discussed further in Sec. 111 B 2. taking the right linear combinations of the pure allene and
We tried two different approaches to determining howpropyne curves should generate composites looking like the
the branching between the+allene and the Hpropyne m/e=40 curves. Unfortunately, no combinations of the pure
channel from the dissociation of the 2-propenyl radicalcold allene and cold propyne photoionization curves yielded
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— LE o mie =40, (CH | ALS Photon Energy (eV)
2! i S
o T
* E 08l . 207, 11.0eV FIG. 8. Photoionization efficiency curves for mass 40 products detected at a
= T source angle of 20° and integrated over flight times shown in the legend.
By (For corresponding flight time ranges, see 20° mass 40 spectrum shown in
L 06t the middle frame in Fig. 7.Data was taken with the narrower energy line-
Q width and corrected for VUV energy. Data points shown with error bars and
S’ o4l with straight-line extrapolations between each point to guide the eye. In the
E\ data shown, points below 10.5 eV were taken with the Mfilker in the
+ i photon beantsee the Experiment sectipmpoints at 10.5 eV and above were
E 02t taken without the filter. The figure is reproduced from Ref. 33 with permis-
E sion of the authors.
R I e ———
S g m/e = 40, {{3st+ 1| results that looked even remotely like the experimental
; . curves, probably because the allene and propyne photofrag-
08L 307, 11.0eV . L . . o .
ments are formed with significant vibrational excitation. This
06 ; causes their ionization onsets, particularly that of allene, to
T be red-shifted from those of the pure compounds, so the
04 photoionization efficiency curve of vibrationally excited al-
T lene products is expected to have a more gradual onset and
- be significantly red-shifted from that of colder allene shown
2T in Fig. 9. Thus, instead of simulating the photoionization
curves to determine the fraction of allene in the mass 40
B p i 1T 1 products from the lower and higher-internal-energy radicals,

- - - !

0 S0 100 150 200 250 300 we sought to extract how the branching ratio changes as a

Flighi Time (HS) function of internal energy in the radical. To do this, we
retook the 20° data an/e=40, but tuned the photoioniza-
tion energy to 10 eV in order to detect allene, but not

FIG. 7. (Color) Time-of-flight spectra collected with a photoionization en-
ergy of 11.0 eV of then/e= 40 signal with source angles shown. The signal

is assigned to VUV ionization of the allene/propyne products from the uni- 6 10°

molecular dissociation of 2-propenyl radical formed from C—ClI bond fission —— Allene

in the 2-chloropropene precursor and from primary HCI elimination from 510° | -=p

2-chloropropene. Experimental data is shown with open circles. The red and ropyne

the blue fits shown predict the arrival times of the allene/propyne secondary 410° |

product from the 2-propenyl radical dissociation by noting that the velocity i)

of the allene/propyne secondary product should be nearly identical to that of g2310°}

the 2-propenyl radical from which it came. Thus the fit shown in red line for 8

the products from near-threshold radical dissociation and the fit in blue line 210° b

for products from the dissociation of higher internal energy 2-propenyl radi-

cals is derived from the corresponding color C—Cl bond fis$t¢k;) for 110° b

the two groups of dissociative radicals shown in Fig. 5. The fits use a

predetermined relative amount of the mass 40 propyne/allene product from 0 - =7 L L
the higher internal energy radicalblue line to near threshold allene/ 8 9 10 1 12 13
propyne productsred line of 1.185 as obtained, with correction for kine- ALS Photon Energy (eV)

matic factors in the three-dimension@D) scattering, from the ratio of the

Cl atoms momentum-matched to the two groups of dissociative radicalsFlG. 9. Photoionization efficiency curves of pulsed beams of allene and
The appropriateness of using this fixed ratio relies on the assumption thdiropyne. Data was taken with the narrower ALS linewidth used also in Fig.
the radicals dissociate only via C—H fissiémegligible C—C fissiopand 8 and corrected for VUV energy. Points below 10.6 eV were taken with the
that the detection efficiency for allene at 11 eV photoionization energy isMgF; filter in the ALS bearr(see the Experiment sectipnthe points at 10.6
similar to that of propyne. The fit shown in long-dashed green line for theeV are averages of the counts measured with and without the, Filtg¥;
mass 40 products from HCI elimination that survive secondary dissociatiorand the points above 10.6 eV were taken without the Mdter. The neat

is calculated from the long-dashed green line portion ofRIGE+) in Fig. allene and propyne beams were formed under modest expansion conditions
13. Figure for 20° angle is adapted from Ref. 33 with permission of the(stagnation pressure340 Torr and nozzle at room temperafyrso vibra-
authors. tional cooling of these molecules is not dramatic.
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propyne, products from 2-propenyl radical dissociation. This -
spectrum is shown in Fig. 10. It is clear by inspection that m/'e = 40 [C3H4+] "% ©
the quantum yield of allene from the group of radicals with 20°. 10.0 eV
higher internal energy is higher than the quantum yield of S
allene from the group of radicals with lower internal energy. ~.
Using the two kinematically corrected probability ratios ob-
tained from fitting the relative intensities of the fast and slow
peaks in each spectruffrigs. 7 and 1D

Intensity (arb. units)
= = =
L = -]

=
L% )
L

( ¢al|ene

¢al|ene+ ¢propyne) high E;, radicals

o i —_—
'l
( Dallene ) 0 50 100 150 200 250 300
Pallene™ ¢propyn low E,, radicals thht Time [j.lS]
(da e)h' hE dical FIG. 10. (Color Time-of-flight spectrum of the allene products from the
allene’nigh Ejn; radicals unimolecular dissociation of 2-propenyl radicals formed from C—Cl bond
(‘;ballene)low E,, radicals fission in the 2-chloropropene precursor and from the allene/propyne prod-

= ucts from primary HCI elimination from 2-chloropropene that are stable to
( (Dallenet ¢propyn9 high Ejne radicals) secondary dissociation. The spectrum was collected by integrating the signal

for 3x 10° laser shots at a source angle of 20° with a photoionization energy
of 10.0 eV and with small light source apertures (4 mfhmm) to achieve
a narrow(2.2% bandwidth. Experimental data is shown with open circles.
(2.39 The red-dashed fit for the arrival times of the allene secondary product from
= m =2.0(+0.05/-0.19), the dissociation of near-threshold 2-propenyl radicals is calculated from the
partial C—Cl primary bond fissiof?(Ey) in red-dashed line in Fig. 11
corresponding to C—CI bond fission events that produced dissociative
gives the following change in branching to thetHllene  2-propenyl radicals near threshold that went on to dissociate-talldne.
channel with internal energy of the dissociating radical: Thefblue—r(]iot(;dashed fit fofr thheharrival tim(les of the allene sectl)ndgry ?rod-
; ; ; uct from the dissociation of higher internal energy 2-propenyl radicals is
Thus, we (.axperlment.ally qetermm.e that the fraction Ofcalculated from the partial C—CI bond fissiét(E+) in blue-dot—dashed
2-propenyl radicals that dissociate to give-Bllene products e in Fig. 11 corresponding to primary C—Cl bond fission events in
is 2.0 (+0.05/~0.15 times larger for dissociation of the 2-chloropropene that produced higher internal energy dissociative
group of radicals with higher internal energyedian energy 2-propenyl radicals that went on to dissociate te-&llene. The green

; o+Hp dashed-line fit shown for the allene/propyne products from HCI elimination
15 keal/mole above the barrier t ropyne) than from the that survive secondary dissociation is calculated from the higher energy

group of radicglg with lower internal energy'_ This experi- portion of the HCI eliminatiorP(E+) in Fig. 13 shown in green dashed-line.
mental result is in reasonable agreement with the RRKMFrigure is adapted from Ref. 33 with permission of the authors.

prediction of 2.2 for the change in yield of-+hllene prod-

ucts as the internal energy of the dissociating group of radi-

cals is changed from the near-threshold distribution to the More information on the internal energy dependence of
higher-energy distribution having median internal energy 13he branching between the-tallene and H-propyne chan-
kcal/mol above the barrier. We give further information onnels from the dissociation of 2-propenyl radicals is apparent
the RRKM calculations below. Although we cannot obtainin fitting the velocity distribution of the allene products from
an absolute branching ratio between the 2-propenyl secondke near-threshold internal energy dissociative 2-propenyl
ary dissociations forming allené4), and propyne(5), we  radicals. While fits of the mass 41 and mass 35 signal
can use RRKM theory to predict the rates for formation ofshowed that 2-propenyl radicals could be formed with
allene and propyne in the products from the near-thresholédnough internal energy to dissociate from primary C-ClI
internal energy radicals. We can then derive, from how thébond fission events releasing less than 18.4 kcal(orch bit
relative intensities of the peaks in Fig. 7 change in going tchighe in translation, acceptable fits of the allene data in Fig.
the 10 eV spectrum in Fig. 10, what the experimentallO could not be achieved until we assumed the internal en-
branching to the Hallene channel is for the higher internal ergy required to access thetdllene channel was higher.
energy group of radicals. Assumingene is 10.3(=2)%  The short-dashed lin@(E;) in Fig. 11 that fit the arrival
from the near-threshold internal energy group of radicals, aimes of the allene products from low internal energy disso-
determined from the RRKM calculations, the relative inten-ciative GHs shows this clearly; Hpropyne products ap-
sities of the signal in the mass 40 spectrum at 10 eV photopeared as products from radicals with higher kinetic energies
ionization energy show the branching to the-allene chan- near 19 kcal/mol, corresponding to a lower internal energy,
nel increases t0[10.3(=2)%(2.015=21(+4)%] for than did Ht+allene products. Thus, the barrier totldllene
dissociation of the higher internal energy group offormation is higher than the barrier totHbropyne formation.
2-propenyl radicals. This result is consistent with the partial  In addition, we could not fit the data in Fig. 10 accept-
PIE curve of the products from the group of radicals withably by assuming the branching to the-Ellene channel was
higher internal energy and arrival times between 120 and 300onstant for the products from the low internal energy group
1S, which has an ionization onset at slightly lower energief radicals shown in redalthough this gave a decent fit for
than the faster, near-threshold group. the higher internal energy group of radicals shown in blue,

(¢al|ene+ ¢propyn9 low E;, radicals
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some propyne products from 2-propenyl radicals from pri-

= D Fits products of - .
iy - e el ey mary photolysis events that released more than 18.4 kcal/mol

0.048 L internal Cnergy radicals threshold radicals in 11 eV

in 10 eV (allene only) {allene + propyne) to translation because some of the 2-propenyl radicals come
- spectrum gpecirom from 2-chloropropene precursors with internal energy higher
oozl | « : N than the most-probable valje.
FoEe o 0= e pGGhuet heie In summary, we obtain good fits to the arrival times of
= f threshold radicals in I derived f threshold 2 | radical |
= - | 10.eV (allenc only) | allene derived from near-threshold 2-propenyl radicals only

¥  Spectrum || if we assume(i) The barrier to H-allene is higher than the
D06 . barrier to H+propyne andii) the branching to the Hallene
i Wl |I channel increases with internal energy above thealtene
] e S ot i || barrier. In the discussion we compare the barriers obtained in
S — " " o . .
ok N e TSI SN fitting the data in this way with those predicted from a com-
0 5 10 keall lﬁl 20 25 bination of thermodynamics and density-functional theory
]:"I' (keal/mol) calculations.

FIG. 11. (Color) Partial product kinetic energy distributions for the C—Cl L
bond fission events that produced 2-propenyl radical that went on to dissoz' HCI el/m/nat/on and subsequent secondary
ciate to H+allene are shown in red dashed and blue dot-dashed line. Thesd€composition of the m =40 product

_P(ET)’s gave a g_ood fit tc_) the arrival times of the secondary aI_Ien_e p_roducts The m/e= 36(HC|+)TOF spectra acquired at source
in the mass 40 time-of-flight spectrum taken at 10 eV photoionization en- o o L
ergy shown in Fig. 10. Comparison of the red-dashed C—Cl fisgi@,)  andles of 20° and 40° (photoionization energh3.5eV,

that fit the allene signal in Fig. 10 with the solid line rBgE;) taken from 200 000 shots) exhibit single, broad peaks centered near 110
Fig. 5 that fit the total propyneallene signal from the dissociation of near- ys, as shown in Fig. 12; the(E) used to fit these spectra
threshold dissociative radicals from C—ClI fission shows that the barrier t‘hppears as the solid green line in Fig. 13. The photoioniza-

H+allene is higher than the barrier tothbropyne and that the branching to . . . .
H+allene increases with increasing internal energy in the dissociative raditlorI efficiency curve of the HCI product is shown as the

cal. Iteratively tested by forward convolution fitting the data in Fig. 10, the dashed line in Fig. 14. Taking into account the energy width
shape of both parti@®(E+)’s shown were calculated by weighting the num- of the ALS, the HCI reaction product shows a photoioniza-
ber of dissociative radicals at each internal enefgyown in Fig. 5 and  tjon onset of 10.5 eV. over 2.2 eV lower than the usual

derived from the Cl atom TOFwith the fractional RRKM rate constant for . . . . .
allene formation, but only the fit of the time-of arrival of the near-threshold lonization potentlal of 12.74 e@' Given the Iarge H-ClI

allene products was sensitive to this weighting. Accounting for kinematicSeparation in the transition state, one would expect the HCI
factors in the 3D scattering, the relative yield of allene product from theformed in the elimination process to be vibrationally excited.
higher internal energy rgdicals to near thre;hold aIIene'products was detgq-he redshift of the ionization onset, also apparent in the HCI
mined to be 2.39 by varying the ratio to obtain the best fit to the spectrum in . . 23 . .
Fig. 10. Figure is adapted in part from Ref. 33 with permission of the product from vinyl chloride phOtOIyS%g’ indicates that the
authors. HCI product is indeed internally excited; unfortunately, there
is currently no method for obtaining the degree of vibrational
excitation of a molecule from its photoionization spectrum.
where the change in branching as a function of internal en- To identify the mass 40 momentum-matched partner to
ergy is expected to be sloweA much better fit to the data the HCI from primary HCI elimination, we can use the
was obtained when we assumed the branching to th@(Ey) in Fig. 13 to predict its time-of-flight spectrum. How-
H+allene channel increased with increasing internal energgver, note that if propyne/allene is formed with about 89
of the radical even within the group of allene/propyne prod-kcal/mol of internal energy it will dissociate to
ucts from the low internal energy group of 2-propenyl radi- propargyhH,'® and that the energy partitioned to internal
cals. In other words, when fitting the allene products resultenergy of the HCI elimination products is roughly
ing from the radicals with near-threshold internal energy, wel24 kcal/molE+ (using the parent precursor's most probable
did not use a constant 10.3% fraction of €E+) (shown in  internal energy of 1.2 kcal/mpl Thus we expect the later-
red in Fig. 9 that fit the total allene¢propyne spectrum arriving allene/propyne products to be lost to secondary dis-
shown in Fig. 7. Instead, the(E+) that fits the allene prod- sociation to propargyl radical (mass)3H if the HCI part-
ucts of the near-threshold group of 2-propenyl radicals wasier does not carry away more than 35 kcal/mol of internal
obtained by weighting the red distribution in Fig. 5 with energy. We can characterize the mass 40 products lost in this
calculated RRKM rate constants to determine, at each inteway by measuring the spectrum at mass 39. Thus, the fast
nal energy, the fraction that gives allene products. Theshoulder to the sharp peak centered at 480n Fig. 7, the
weighting factor is jusKyjene/ (Kailenet Kpropynd - Ignoring the  m/e= 40 spectrum, momentum-matches to the HCI, as these
parent 2-chloropropene molecules’ spread in internal energyllene/propyne products are formed with internal energies
we crudely identified the 2-propenyl radicals formed fromlow enough that they are stable to secondary dissociation.
primary C—CI bond fission releasing 17.4 kcal/mol in trans-However, as expected, in order to obtain a satisfactory fit to
lation as having an internal energy 0 kcal/mol above theghe m/e=40 data, we need to truncate tR¢E;) used to fit
barrier to Ht+-allene and 1 kcal/mol above the barrier to the m/e=36 data. This truncate®(E), shown in dashed
H-+propyne. These barriers were used to obtain the pairs ajreen line in Fig. 13, represents about 40% of the allene/
energy-specific RRKM rate constants needed to calculate theropyne products. About 60% of the allene and propyne
weightedP(E) in Fig. 11 (dashed red linethat fit the al- formed in the HCI elimination reaction thus had sufficient
lene products’ arrival times in Fig. 10n reality, we observe energy to undergo secondary loss of a hydrogen atom to
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S 3 _ \ 0.04 L Fits propargyl radicals from
¢ m/e = 36, (HCIl') : secondary dissociation of
0.8} 207, 13.5eV HCI elimination products
0.03
06 - e Fits stable allene/propyne
m HCI elimination products
& 0.02
04k [
w02l 0.01
£ of 0 Wi
‘5 1k oo 0 10 20 30 40 50 i)
5 m/e = 36, (HCI") E_ (kcal/mol)
[T] L a
E h 40°, 13.5 eV FIG. 13. (Color) Product kinetic-energy distributiorR(Ey), for primary
HCI elimination from 2-chloropropene in green solid line derived from for-
0.6k ward convolution fitting of the signal in Fig. 12. Some of the momentum-
matched allene/propyne undergoes secondary dissociation to propkirgyl
so the flight time of the remaining stable allene/propyne in Figs. 7 and 10
04+ are fit with the higher energy part of this shown in green-dashed line. The
remaining lower energy part of the(E;) adequately predicts the arrival
0.2k times of the propargyl secondary product as shown in green dot—dashed-line
in Fig. 15(since losing an H from allene/propyne results in propargyl radi-
cals traveling with essentially the same velocity as the propargyl from which
] : : o it came, but the mass 40 products and the mass 39 secondary products may
0 50 : 100 150 200 250 300 also be fit with partialP(E+)’s that overlap more significantly.

Flight Time (ps) o ) ) o
spectrum in Fig. 15 is adequately fit by assuming it results

FIG. 12. (Colon Time-of-flight spectra of the HCI products from primary from a daughter ion of the stable mass 41 neutral 2-propenyl
HCI elimination from 2-chloropropene. The spectrum was collected with argdicals also detected at parent mass in Fig. 6. AIthough

photoionization energy of 13.5 eV at the source angles shown. Experiment . . . . )
data is shown with open circles. The green line fit for the arrival times of the?here are no prior experimental results on the ionization en

HCI product is calculated from the total HCI eliminatid®(E-) in solid ~ €rgy of the 2-propenyl radical or the appearance energies of

green line in Fig. 13. its ion daughters, observing ai€; daughter ion from highly
vibrationally excited (within 0-20 kcal/mole of the
H+propyne barrier2-propenyl radicals is not too surprising.

) ) The cyclic GH3 ion is resonance stabilized and the spec-
yield propargyl .radlc.:als, detegted .Ht/e=39, GH, the _ trumin Fig. 15 ?s taken at a photoionization energy of 11 eV,
spectrum of which is shown in Fig. 15. Fortunately, this considerably higher than the expected ionization energy of
secondary dissociation gives mass 39 products with essegye 2-propenyl radical of about 8 €¥s0 is likely above the
tially the same time-of flight distribution as the mass 40 HClappearance energy of the stdBleyclic C;HZ daughter ion.
elimination products would have haas with the 2-propenyl A preliminary photoionization efficiency
radical’'s secondary dissociation, loss of an H atom barely
changes the heavier product’'s velogitfherefore, one can

identify the signal from propargyl radicals formed in this 600
secondary dissociation by using the portion of the HCI elimi- }_.{---i--{ 1500
nation P(E;) not used in fitting the stable mass 40 HCI

elimination products in then/e=40 TOF spectrum; the pre- 4400
dicted time-of-flight distribution of the secondary propargyl H Q
radicals is shown in the green dot-dashed line in Fig. 15. 1% g
Although the truncation point in the HCI eliminatid®(E) Foome=36 | o7
is shown as rather sharp in Fig. 13, a more gradual transition (HCT)

between stable and unstable mass 40 HCI elimination prod- 4100
ucts can also fit the data, as one would expect if the HCI fodtet

product is formed with a distribution of internal energies. 07 P N TEY) 150
Using the very uncertain sharp truncation near 17 kcal/mol in ALS Photon Enerey (¢V)

translation suggests the HCI co-fragment carriers away typi-

cally about 18 kcal/mol of internal energy. The very largeFIG. 14. Photoionization efficiency curves for mass 41 products and mass
redshift in the ionization onset observed in the photoionizase products detected at a source angle of 20°. Data was taken with the
. - . narrower energy linewidth and corrected for VUV power. Data points
tion spectrum of the HCI prOdUCt |mpl_|es, howe\_/er, thatshown with error bars and with straight-line extrapolations between each
some HCI product is probably formed with much higher in- point to guide the eye. The MgHilter (see Experimentwas used when

ternal energy. The remaining signal in th#e=39 TOF  acquiring them/e=41 data, but not for thev/e=36 data.
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threshold group of dissociating 2-propenyl radicals. The
mie=139,(CH kinematically corrected ratio of relative contribution of

. i allenetpropyne from HCI elimination to the near threshold
200, 11.0eV allenet-propyne from 2-propenyl radical dissociation in Fig.
7 is 0.296, while the relative amount of allene/propyne from
HCI elimination to allene from near-threshold radical disso-
ciation at 10 eV photoionizatiofFig. 10 is 2.25. Thus, if
the 10 eV spectrum only detects allene from HCI elimina-
tion, the branching to allene from HCI elimination would be
7.6 times the branching to allene from the near-threshold
dissociation of 2-propenyl radicals. Using 10.3% for the lat-
ter (as predicted from RRKM calculationsve might con-
clude that if the surviving mass 40 HCI products are repre-
sentative of the nascent product branching, that 79% of the
FIG. 15. (Color) Time-of-flight spectrum of photofragments giving signal at HCI eliminations form allen¢:HCI (6) and only 21% form
m/e=39, GH; showing a contribution in green from the;id; neutral  propyne+-HCI. However, the propyne formed in the HCI
propargy! products from the secondary dissociation of propyne/allene fronu|imination channel is probably highly vibrationally excited,

HCI elimination events releasing smaller amounts of energy to kinetic en- o it is danaerous 1o a me that the 10 eV photoionization
ergy (see Fig. 13, captionand a contribution in orange from the dissocia- soirtis g_ us ssu p 1onizat
tive ionization of the stable 2-propenyl radical, from primary C—Cl fission. would selectively detect the allene product. Indeed, our pre-

Experimental data are shown with open circles. The figure is adapted frorﬁminary electronic structure calculatiolson the two HCI

Ref. 33 with permission of the authors. elimination barriers suggest that if the HCI elimination pro-
ceeds by internal conversion, the propyi¢Cl channel

curve of the stable, but highly vibrationally excited, shou[d be the dominant one. Thl_Js the increased relativg con-

2-propenyl radicals is shown as the solid line in Fig. 14; it ist”b.Utlon from the'sho.ulder resulting from the fast HC elimi-

likely redshifted from what the spectrum of the cold radicalsnation apparent in F|_g. 10 probably reflects the fact that 10

would be. eV photons can ionize both allene and propyne products
from HCI elimination (since the propyne is highly vibra-

In determining whether the primary HCI elimination . .
g P y tionally excited but only allene products from 2-propenyl

from 2-chloropropene excited at 193 nm produces . i A . .
allenet HCI(6) or propynerHCI(8), two factors must be radical dissociation. Propyne product can also isomerize to

considered. First, not only are about 60% of the eIiminationalfler?eljc':tI h?S over 65 kHcaI/m(cj)I of w:jterr_:_z;l energ"y, as TPCh
products formed with sufficient internal energy89 ofthe elimination GH, products do. The small signal in

kcallmo)'® to undergo secondary dissociation to the PIE spectrum in Fig. 9 below 9 eV is likely from the

propargyhH, but also the isomerization barrier between al_photoiqni;atipn of high!y vibrationally exgited allene from
lene and propyne is around 65 kcal/mél-2Thus, we can _HCI elimination, as |t_|s most apparent in the PIE curve
only measure the branching between the two HCI elimina—'megr"’}te_OI over the arrival times of stablgH; product from

tion channels for the events that produce propyne/allenlﬁ?‘cI elimination.

products stable to secondary dissociation, and a significant ) o )

fraction of these may isomerize before we detect them. We- Primary photodissociation product branching

expect the equilibrium between the twaH; isomers to fa- The next sectioriSec. 11l C 4 discusses a minor C—GH
vor propyne, both because propyne is lower in energy byission channel identified as a primary photodissociation
about 1 kcal/mole, and more importantly, because propynehannel for 2-chloropropene excited at 193 nm. Assuming
has an internal rotor that increases its statistical weight in théhat the branching to that channel is small, we can derive a
loose transition state. In addition, the propyne/allene produdbranching fraction for the direct C—ClI fission channel pro-
not lost to secondary dissociation typically still has muchducing fast Cl atomshereafter “fast C—ClI’), the C—Cl fis-
higher internal energy than the propyne and allene from secsion channel producing slow Cl atoms appearing with arrival
ondary dissociation of the 2-propenyl radicalhere the net times peaking near 15Qs in Fig. 4 (hereafter “slow
reaction is H-Cl+allene/propyne). Thus, if the propyne C-CI”), and HCI elimination from 2-chloroproperito pro-
photoionization efficiency curve redshifts significantly with duce allene or propyneThe fractional contribution from the
increasing internal energy, we may not be able to assure thést C—Cl channel is obtained by adding together the two
the vibrationally excited propyne product from HCI elimina- contributions to the fast peak in Fig. 4, one producing stable
tion would not be ionized at the 10 eV photoionization en-mass 41 product and one producing dissociative mass 41
ergy used to detect the products in Fig. 10. Nevertheless, th@roduct with near-threshold internal energy, as discussed
partial photoionization efficienc§PIE) curve showing signal above. The kinematically corrected ratio between the fast
from 80-100us, Fig. 8, for the allene/propyne products C—Cl channel and the slow C—CI channel is derived directly
from HCI elimination that do not undergo secondary disso-from fitting the relative signals from each in Fig. 4. To obtain
ciation clearly shows a shoulder from allene photoionizationthe relative contribution from HCI elimination, we need only
For the allene/propyne products not lost to secondary diss@assume that the vibrationally excited propyne/allene from the
ciation we can also attempt to determine the fraction of alHCI elimination is detected as efficiently at 11 eV photoion-
lene relative to the allene fraction determined for the nearization energy as the colder propyne/allene from the unimo-
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lecular dissociation of the 2-propenyl radicals, and then use s

the kinematically corrected contributions to the fits of the A

mass 40 TOF spectrum in Fig. 7. Then the primary product 08t
branching, accounting for only the HCI elimination that pro- =
duces propyne/allene stable to secondary dissociation, is: 06 [15°,10.5ev
[fast C—C]:[slow C—CI]:[HCI elimination producing stable 04l
product§=68%:26%:6%. If weaccount for all the HCI

primary elimination eventgaccepting our estimate that 60% 02}

of the allene/propyne products from HCI elimination
underwent secondary dissociaticdhen the primary product
branching ratio is:[fast C—Cl:[slow C-CI:[HCI elimi- LE
nation|=62%:23%:15%. These ratios of course assume that

B m/e =15, (CH;)
08 |

z ﬁ

our detection sensitivity to propyne and allene are similar at g J 20°, 105 eV

11 eV photoionization energy and that the sensitivity at 11 P 06 I l

eV to vibrationally excited propyne/alleri&om HCI elimi- 5 o4t ’f‘ l, ’ ll

nation stable to secondary dissociation is also similar to that ‘; ozl I U ! l ‘

for the colder GH, products from C-H fission in the *% ' I ‘ ‘ i n‘il ‘ Illi

2-propenyl radical. £ ol ,u'”Ll , M “F‘”‘ N' N"""'[
~—

4. Methyl loss and subsequent secondary A= o2 . . . ) 1
dissociation of the chlorovinyl radical Lr C m/e = 26, (CZH2+)
Fig. 16A) shows the TOF spectrum collected rate 08| 15°,12.0 eV

=61(CH,CI*) at a source angle of 15photoioni- 06

zation energy-10.5eV, 400000 laser shotsThe signal is 7

momentum-matched to the signal mfe=15 (CH;, col- 04t

lected for 750000 shots at 20Shown in Fig. 16B) so we

assign these spectra to primary C—ChHond fission in 0.2

2-chloropropene to form methyichlorovinyl radical. Figure ol

17 shows the primary C—GHbond fissionP(E+) used to fit . . . ‘ .

the methyl and gH,CI data. Although then/e=15 signal 50 100 150 200 250 300
was collected for almost twice as many laser shots as the Flight Time (MS)

signal in Fig. 16, the signal-to-noise ratio remains poor due

to the low-relative absorption cross section for the 10.5 eMG. 16. (A) Time-of-flight spectrum of photofragments giving signal at
photons used* As discussed in the Introduction, secondarym/e=61, GH,CI*. (B) Time-of-flight spectrum of photofragments giving
dissociation of g_|2C| to C\QH2+C| (2) is energetically al- signal atm/e=15, CH; . Fits shown in smooth solid line itA) and (B)

lowed. It is difficult to assess the amount of this secondary'é'¢ calculated from th&(Ey) for the C—~CH bond fission channel in
’ -chloropropene shown in Fig. 17C) Time-of-flight spectrum of photo-

. o ) - T )

dissociation because the S|_gnal mte=26, GH,, [Fig. fragments giving signal an/e= 26, GH, showing suggested contribution

16(C)] clearly shows some signal that probably results fromfrom dissociative ionization of the chlorovinyl radical H3,Cl, from pri-

the CZHZT daughter ion from dissociative ionization of the mary C—CH fission. The peak centered near 88 may be due, in part, to

chlorovinyl radical GH Cl. from primary C-CH fission secondary unimolecular dissociation 0ofHGCI to Cl+acetylene, but the

The f . | ! h2 ’ | f. fastest signal in the spectrum appears at too fast an arrival time to be due to
_e as‘feSt signal in the spectrum also appears a_t too fast e}Qcondary acetylene products from the primary 1-photon Gdis$ocia-

arrival time to be due to acetylene from the unimolecularion.

decomposition of gH,Cl from primary one-photon induced

C—CH; bond fission in 2-chloropropene. Secondary dissocia- - 9.2

tion of GH,ClI into C,HCI+H is also energetically allowed,

but no significant signal was evident a/e=60 after

440000 laser shots.

0.15

IV. DISCUSSION

This discussion is organized in two parts. First, we focus
on the competition between C—CI bond fission, HCI elimi-
nation, and C—CBlfission of the 2-chloropropene and re-
lated molecules, and how that competition might evolve on
the excited-state and ground-state potential energy surfaces 0 . L
of the molecule. Then we turn to the unimolecular dissocia- 0 3 10
. . . E_ (kcal/mol)
tion channels of the 2-propenyl radicals, comparing our re- T
sults with predictions of recent theoretical calculations of the. - - o 4.t kinetic-energy distributioR(E;), for the C—CH bond

C.—H'fission. trqnsition states for reactiot® and. (5) and fission channel in 2-chloropropene derived from forward convolution fitting
with isomerization transition states to othegHg isomers.  of Figs. 16A) and 16B).

0.1

P(E)

0.05

15
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We end by suggesting how the unimolecular dissociation
pathways of the other straight-chainHg radical isomers, 0.2
allyl and 1-propenyl, might differ from those observed here
for 2-propenyl radical and indicate the future directions of
our ongoing experiments on these systems.

— Experimental F(E_)
——RRKM P(E,)

A. Primary photodissociation channels
of 2-chloropropene at 193 nm

There are several interesting comparisons between thi
primary photofragmentation channels of 2-chloropropene ex-
cited at 193 nm and those of vinyl chlorfde?® and allyl
chloride'® at the same wavelength. First, all three molecules
evidence the “fast C—CI” bond fission channel discussed 0 10
here, while only vinyl chloride and 2-chloropropene, not al- E_ (kcal/mol)
lyl chloride, evidence significant branching to a photofrag-
mentation channel producing slow Cl atoms. The C—CI fis+FIG. 18. (Color) Comparison between the experimental C—Cl fiss¥¢& )
sion producing fast Cl atoms likely proceeds via a similar(from Fig. 5 measured for the slow CI atoms with an RRKM predicted
mechanism in all three molecules, predissociation of the (7
nominal w7 excited state via @acg_¢ (or mo_c at non-
planar twisted geometrigsepulsive state, which partitions
considerable energy to product recoil translational energy.

The distribution of energies partitioned to product translationC—H fission is much higher than the barrier to C—Cl fission,
for this fast C—Cl channel is very similar in vinyl chloride our RRKM rate constants for C—H fissifrwere a factor of
and 2-chloropropene, but is shifted to almost 20 kcal/mols.5 smaller than for C—Cl fission; detecting this small
higher recoil translational energies in allyl chloride. This pranching to C—H fission is made harder by the fact that
may well be due to the significafitadmixture ofno¢ ¢ most of such presumed statistical C—H fission events would
character in therm™* excited state in allyl chloride; that mol- partition less than 6.7 kcal/mol into product recoil. Three-
ecule feels a repulsive force acting to stretch the C—ClI bon‘éenter H elimination is more likely to appear as a signifi-

even in the Franck—Con(_jon region, thus par_tmgnmg more ant, though minor, dissociation channel, but it is expected to
energy to product translation. The slow C—Cl fission channeﬁ . . . . -
ave a small exit barrier so is also unlikely to partition

is also much more minor in allyl chloride, contributing less .
than 3% of the total C—Cl fissicti.It may be that repulsive enough energy to product translation to be observable at the
peavier photofragment in these experiments. The

forces in the Franck—Condon region of the excited state of =™ i o .
allyl chloride act to stretch the C—ClI bond before the mo|_ehmmauon/concerted isomerization mechanism that Blank

ecules have a chance to sample regions of the excited staé alZ®invoke to explain the high-recoil kinetic energies for
from which they may undergo internal conversion to theHz elimination in vinyl chloride is not possible in
ground-state potential-energy surface. The slow C—Cl fissiog-chloropropene as there is no alpha H atom to migrate.
channel in vinyl chloride was attributed to molecules that ~ HCI elimination also occurs in all three molecules, but
had undergone internal conversion to the ground electroniwith marked differences. One might attribute HCI elimina-
state before dissociation. This is also the likely mechanisntion in 2-chloropropene to reactions occurring after internal
for the slow C—Cl fission channel in 2-chloropropene. How-conversion to the ground electronic state, as proposed for
ever, one consistency check is to compare the measureghyl chloride?*2° In contrast, in allyl chloride two distinct
P(Er) for the slow C-Cl fission channel with a statistical product kinetic-energy distributions were observed for HCI
distribution of energies to product translation predictgd Vigglimination, and the branching between those two channels
RRKM theory. To calculate an RRKNP(Ey7), we arbitrarily  ghowed a marked nozzle temperature dependence, suggest-
chose a C—Cl bond distance of 2.5 A on the ground-statfhg at least one of them might occur via an excited-state

reaction coordinate to locate a reasonable point to calculatg”mmltion proces& Returning to the comparison between

frequencies at the “transition state,” optimizing the Othervin | chloride and 2-chloropropene, the elimination in vinyl
bond lengths and angles at the MP2 level of theory. Figure y propene, y

18 shows a comparison between this RRINE-) and the chloride was attributed to a 1,1-elimination with synchro-
measured®(E-) from Fig. 5 for the C—Cl bonJ fission we Nous isomerization to acetylene to explain the high energies

are attributing to dissociation of 2-chloropropene on thePartitioned to product translati(fﬁzzs 2-chloropropene does
ground-state potential-energy surface. The comparisofOt have a 1,1-elimination process availatikere is a me-
clearly supports the assignment of the slow C—Cl bond fisthY! rather than an H on the C—Cl carhao, of the two HCI
sion to a ground state mechanistie also used RRKM elimination channels allowed for 2-chloropropene, only reac-
theory to estimate the probable branching to C—H fissiorfion (8), forming propyne, has an analog in vinyl chloride. It
(10) upon internal conversion because the work of Blankis analogous to the 1,2-elimination channel in vinyl chloride,
et al. on vinyl chloride detected primary C—H fission and which forms acetylene directly; this pathway was discounted
attributed it to internal conversion. Because the barrier tan assigning the HCI elimination becauaé initio calcula-

=

15 20
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tions showed it had a higher barrier than 1,1-elimination.uct channel in Fig. 10 to determine the internal energy re-
However, we note here that the measupéé ) and the HCI  quired to surmount the barrier to+propyne and the fitting
PIE curves for HCI elimination in 2-chloropropene are re-of products from both internal energy groups to test whether
markably similar to those in vinyl chloride, indicating a 1,2- the relative barrier heights predicted for the-propyne and
elimination mechanism may dominate in both molecules. Al-H+allene channels in recent G@3BLYP) calculations are
though there is some evidence in the PIE spectrum for @onsistent with our experimental results. We now describe
contribution from the HCI elimination channel in the RRKM calculation used for this purpose and the results.
2-chloropropene which does not have an analog in vinyl We used RRKM theor?*¢*"to obtain both a quantita-
chloride, it is likely that 1,2-elimination in 2-chloropropene tive prediction of how the branching between the-&llene

is dominated by the HGtpropyne channel. We base this and H+propyne channels changes as a function of internal
expectation on first assuming that HCI elimination proceedsnergy in the 2-propenyl radical and to predict the shape of
via internal conversion and then predicting the rate constante P(E;) in red-dashed line in Fig. 11 that fit the near-
for the two 1,2-elimination channels with RRKM the8ty threshold allene products and gave us a barrier for the
using calculateab initio barriers and vibrational frequencies H+allene product channel. We use the frequencies of the
at each transition state. The zero-point-correcaedinitio  radical and transition state complexes and relevant moments
barrier heights calculated by Parsatsal > are nearly iden-  of inertia*® calculated by Davis, Law and Wahtp calculate
tical [74.2 kcal/mol for(6) and 73.3 kcal/mol for8) at the RRKM rate constants for reactiortd) and (5). Their zero-
MP2/6-311G(,p) level of theory and the molecule has point-corrected barrier to Hallene (4), 38.1 kcal mot?, is
over 147.9 kcal mol® of internal energy(see Fig. 1 Thus  one kcal mol* higher than the barrier to Hpropyne(5); see

the ratio of our calculatéd RRKM rate constants for the two Fig. 1.(The barrier energy difference is in qualitative agree-
channels,kg/kg=1.7 favoring propyne, results primarily ment with the 2 kcal/mol energy difference determined in the
from the fact that the HCGtpropyne channel does not freeze ap initio work of Deyerlet al*). Thus we expect the group
the internal methyl rotor while the HElallene channel does, of dissociating 2-propenyl radicals with the lower internal
inducing a tighter transition state in reacti®) than in re-  energies to favor propyne products for barrier energy reasons

action(8). alone. This expectation is borne out by fitting the 10 eV TOF
. o . spectrum, which reveals the internal energy dependence of
B. Competing C—H bond fission channels in the the product branching even within the low-internal-energy

2-propenyl radical unimolecular dissociation group of dissociating radicals as shown in Figs. 10 and 11.

The experiments presented here Se|ective|y resolved thEo fit the time-of-arrival distribution of the near-threshold
product branching between the unimolecular dissociatiord!lene products, we already knew the number of dissociative
channels of a high-energy;B; isomer, the 2-propenyl radi- radicals at each energy from momentum matching with the
cal, measuring how the branching ratio between the twdneasured Cl atom TOF that are momentum-matched to the
competing C—H fission channels changes as a function diear-threshold 2-propenyl radicals. If these radicals branched
internal energy. This is a unique capability that is easily exbetween H-allene and H-propyne with a ratio independent
tended to probing the internal energy dependence of thef the internal energy of the radical, we could have fit the
competition between unimolecular dissociation channels of §OF of the allene products with the near-threshaied
broad spectrum of hydrocarbon radicals that have eluded dP(Et) in Fig. 5, but that gave a very poor fit. The data
rect experimental probes in the past. Although the branchinghowed clearly that the onset of thetidllene channel was at
between the dissociation channels of the 2-propenyl radicdligher internal energie@ower kinetic energies in GtC;Hs
as a function of internal energy has never been measurg@coil) than H+propyne and that the branching to the
before, the system is small enough that high qualliyinito ~ H+allene channel increased with internal energy in the dis-
calculationd” have been reported, adding to eafiftfcom-  sociating radical. Indeed, we used the RRKM calculations to
putational and empirical estimates of isomerization and dispredict the shape of the red-dashed lit(g& ) in Fig. 11 that
sociation barriers in the {5 systems, which allow us to we used to fit the near-threshold allene products. We simply
predict the branching between product channels and how iveighted the distribution of dissociative radicals at each en-
changes with internal energy in the radical. We make thaergy with the RRKM prediction for what fraction of radicals
comparison below. at each internal energy would dissociate té &llene instead

The experimental data showed the following. First, theof H+propyne, Kaiend E*)/(Kaiend E*) + Kpropynd E'*)),
fraction of 2-propenyl radicals that dissociate to givewhere the available energy above the &llene barrier E*)
H+allene products is 2.0+0.05/~0.15 times larger for dis- was, because of the 1 kcal/mol difference in barrier heights,
sociation of the group of radicals with higher internal energyl kcal/mol higher tharE’* for H+propyne. We originally
(median energy 15 kcal/mole above the barrier toassumed that the heats of formation of reactants and prod-
H+propyne) than from the group of radicals with lower in- ucts, particularly 2-chloropropene, and the+propyne/
ternal energy. Second, fitting the arrival times of allene deallene barrier heights with respect to the two product asymp-
rived from near-threshold 2-propenyl radicals showed that totes were not accurate enough to deriveEdncorrespond-
the barrier to H-allene is higher than the barrier to ing to each kinetic energy for the RRKM predictBdE+) in
H+propyne andii) the branching to the Hallene channel Fig. 11. Instead, we arbitrarily assigned a particlarin
increases with internal energy above the &llene barrier. In  C—Cl fission as producing the radical with BA* =0 for the
fact, we used the fitting of the near-threshold &llene prod- H-+propyne channel, and calculated the RRKM rate con-
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stants to generate a predicte@E) to fit the allene products from Davis etal!l that the zero-point energy of the
in Fig. 10. Iterating this, we found that assigniBg=17.4  2-propenyl radical is 35 kcal/mol lower than theHéllene
*2kcal/mol as producing 2-propenyl radical wit* =0  asymptote. This gives a derived heat of formatioi® & of
gave the red-dashe®(Ey) in Fig. 11 that fit the near- 34 kcal/mol for the 2-propenyl radical and a C—Cl bond
threshold Hrallene signal well. (with E;=18.4* energy in 2-chloropropene of 93.4 kcal/mol.

- O e _ _ N
2'kcaI/mo'I giving E 0 .for.the 'H+.propyne channg| The RRKM calculations using the transition states of

This experimental determination is in remarkably good . 1 - : .
Davis et al. thus gave predictions in good agreement with

agreement with the prediction derived from computed heats . al its for both th it barrier in th
of formation. Calculating the kinetic energy required to |oro-Our experlmena results for _0 N eX|_ arr_|er_ in the
duce 2-propeny! radicals with an internal energy at the bar2-Propenyl radical-H-+allene unimolecular dissociatia#)
rier to H+allene, we get and for the change in branching between thegfopyne and

H+allene channels as a function of internal energy from 0 to
18 kcal/mol above the Hpropyne barrier. Experimentally
we found that the quantum vyield of allene from the higher
=(147.9+1.2-128.4-3.1) kcal/mol internal energy group of radicals, with median internal en-
—17.6+3.5 kcal/mol. ergy 15 kcal/mol abpve the Hpropyne barr?er, is 2.0
(+0.05/~0.15 times higher than the quantum yield of allene
This result corresponds closely to our experimental value ofrom the lower internal energy group of radicals. The RRKM
ET thresholdallens 1 7.4+ 2 kcal/mol. The key number in the calculations, appropriately averaged over the internal energy
equation that could not be experimentally determined, andistributions for the two groups of radicals using & and
therefore, was only available from calculations, is the differ-g’* corresponding to each kinetic-energy release, ad-
ence in energy between the barrier tot&llene and the equately predict the observed change in branching, predict-
asymptotic product energy. The barrier energy determined ifyy 3 ratio of 2.2. Calibrating the experimental yield for the
the G3B3LYP) calculations by Daviet al.” was 3.1 kcal/ higher internal energy group of radicals with the RRKM

mole above the Hallene asymptote. Our threshold agreesyield predicted for the lower internal energy radicals, we find

with this to within 0.2 kcal/mol, well within the uncertainty . tallv that onlv 21% of the 2 | radicals with
in heats of formation used to make the comparigtmcon- experimentally that only o OThe c-propenyl radicals wi

trast, if it were the allyl radical dissociating to+allene, the ~Median internal energy 15 kcal/mol above the &llene bar-
barrier energy is predicted by Dawés al’ to be 5.6 kcal/mol rier give H+allene products. Note that the C—H fission prod-
higher than the Hallene asymptotg.Thus the excellent Uct branching we resolve here from 2-propenyl radicals is
comparison with our experimental threshold supports the lowery different than the dominance of-+éllene products
3.1 kcal/mol exit barrie(barrier to reverse reactiprior the  from allyl radical decompositiofi® The rate of isomerization
2-propenyl radical dissociation to +hallene. There are no of 2-propenyl radical to allyl radical at the energies in our
other experimental determinations of this exit barrier, as n@york must be small compared to the dissociation rates for
other experiment has been able to produce the 2-propenylpropenyl radicals; indeed there is considerable disagree-
radical selectively and detect its branching te-&llene as a  ent in the literature on the height of the isomerization bar-
function of internal energy above the-ttllene asymptote. rier, some estimaté$ having the isomerization barrier

(The other nqmbers used in the equation above are frorH{gherthan the 2-propenyl radical C—H bond fission barriers,
thermodynamic measurements as follows. We assume tha 36541 - -
and som&>®>*having it lower.

using in the equation above the most probable internal en- ] ) ] ) )
ergy for the 2-chloropropene precurs@iy, mp1.2 kcal/mol Figure 1 depicts a very interesting comparison offered

at a nozzle temperature of 150 °C, which assumes no vibrd2 the (H+propyne/(H+allene) product branching for the
tional cooling in the expansion in He, gives us a reasonabl@-propenyl radical dissociation and the Hropyne—
way to estimate the kinetic energy at which the radicals ardéiCl+allene product branching in HCI elimination from
most likely to be formed witfE* =0. To calculate théHy, ¢~ 2-chloropropene. Although the C—H fission reactions pro-
for H,C=CCICH;— H,C—=C=CH,(allene+H+CI [(3) + ceed through loose transition states and the HCI elimination
(4)] we use literatur€ values for the heats of formation at 0 through tight transition states, in both types of reactions the
K for the CI and the ';)' and calculated values for hranching to the propyne products is predicted to be larger
2_-ch|oropropen‘3é’ and allené. Experlsmental heats of forma- 3 the branching to allene products. The prediction persists
tion for 2-chloroproperi€ and allené® are only available at o o0 ¢ very high excess energies above the barrier, so it
298 K, so we use the G3 resutt@K for 2-chloropropene of . . .
cannot be attributed to the very small barrier energy differ-

—1.3+=2.5kcal/mol and the G3 result & K for allene of ; duci I Th it t
46.8+2.5kcal/mol. We should note that the literature ENC®S TOr producing allene Versus propyne. Thus any attemp

value§?53for AH; of the 2-propenyl radical yield values of 1© Predict the preference for propyne formation based on
AH,,, for C—CI bond fission in 2-chloropropene that gave relative barrier heights or endothermicities alone would not
predictions for the internal energy in the radical product thagive the RRKM preference for propyred products at these

are inconsistent with the onset for secondary dissociation digher internal energies. The preference for propyne forma-
the radical observed here. Therefore, we recommend instedi@n over allene formation clearly results from the fact that
using the calculated heats of formation above and the resufiropyne formation does not freeze an internal rotor at the

ET,threshoId,aIIene: Ehu+ Eint,mp_ AH 0 K(3 + 4) - Eexit barrier
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transition state in either the HCI elimination or the radical hoes, A. Greenberg, and J. F. Liebm@iackie, London, 1996 p. 22.
C—H fission reactions, while the rotor is frozen for allene*?Assumes the €, vinylidene radical product isomerizes on a time scale
formation in either type of reaction. The preference for the rapid compared to the dissociation process, so energy released in the

propyne products in these elimination and bond fission sys;, 'SOmerization is included idHy.
tems is thus a nice example of the general effect on rate Estimated from a AH, of 1284 kealimol for HC=CCICH,
—H,C—=C=CH,(alleng+H+ClI calculated as described in the Discus-

constants Of, the tlghtenlng of the,tranSItlon state when a sion and subtracting the endothermicity at 0 K(dj calculated at the

methyl rotor is frozen. These experiments were only able to G2(B3LYP) level of theory in Ref. 1.

confirm the preference for propyne products in thecalculated from heats of formation @K in Ref. 15 and aalculated heat

2-propenyl radical C—H fission reactiorfthe high vibra- of formation at 0 K at the G3 level of theory for 2-chloropropene by B.

tional excitation of the propyne product from the HCI elimi- _Ruscic referenced in the Discussion.

nation thwarted our attempt to determine the product isomer ghgﬂn} Ré’:fergé?:';u}(' pE rg’;" Els' iN '75’;(?35% and J. T. Herron, J. Phys.

using tunable VUV photoionizationWork is underway in 165 w1 mebel, . M_pJaéksoF;’? A. H. H. Chang, and S. H. Lin, J. Am.

other labs regarding the HCI elimination channels in the ther- chem. Soc120, 5751(1998 but note that the allene-propyne zero-point

mal decomposition of 2-chloroproperre. energy level difference in this paper is 0.2 kcal/mol less than that given in

The experiments presented here open the door to study:Ref. 1. o _

ing the branching between unimolecular dissociation chan- Ca]culated as descrlped in Ref. 14 and subtracting the 1.1 kcal/mol zero-
. . . point energy level difference between allene and propyne reported in

nels for selectively-produced hydrocarbon radical isomers aspg; ;-

a function of internal energy in the radical isomer. Given thetsgstimated by assuming they have similar endothermicities as the analo-

key role played by hydrocarbon radical isomers in combus- gous reactions in vinyl chloride, cleavage of thens- 3 C—H bond and ki

tion and atmospheric processes, a role embedded in kineticelimination to form chlorovinylidene for the analogs (@) and (10), re-

mechanisms for such processes, the opportunities opened yjgpectively, calculated in Ref. 10.

here are very exciting. We are currently using the same,V" J: Berm, J. Chem. Phy§l, 3114(1974.

e . Y. Mo, K. Tonokura, Y. Matsumet al, J. Chem. Phy97, 4815(1992.
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