4242 J. Phys. Chem. A999,103,4242-4252

Rate Coefficients for the Propargyl Radical Self-Reaction and Oxygen Addition Reaction
Measured Using Ultraviolet Cavity Ring-down Spectroscopy
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By using 193 nm laser photolysis and cavity ring-down spectroscopy to produce and monitor the propargyl
radical (CHCCH), the self-reaction and oxygen termolecular association rate coefficients for the propargyl
radical were measured at 295 K between total pressures of 300 Pa and 13300 Pa (2.25 and 100 Torr) in Ar,
He, and N buffer gases. The rate coefficients obtained by simple second-order fits to the decay data were
observed to vary with the photolytic precursors: allene, propargyl chloride, and propargyl bromide. By using
a numerical fitting routine and more comprehensive mechanisms, a distinct rate coefficient for the self-
reaction was determined,(CsHz+CsH3z) = (4.3 4+ 0.6) x 107! cn?® molecule® st at 295 K. This rate
coefficient, which is a factor of 2.8 times slower than reported previously, was independent of total pressure
and buffer choice over the entire pressure range. Other rate coefficients derived during the modeling included
k(CsHs+H 665 Pa He)= (2.5+ 1.1) x 1071 cn?® molecule® s71, k(CaH3+C3H3Cly) = (7 £ 4) x 101 cm?
molecule® s71, and k(C3Hs+CsH3Brp) = (2.4 & 2) x 107 cn?® molecule® s™1. The association reaction

CsHs + O, was found to lie in the falloff region between linear and saturated pressure dependence for each
buffer gas (Ar, He, and §) between 300 Pa and 13300 Pa. A fit of these data derived the high-pressure
limiting rate coefficient.,(CsHs+0,) = (2.3+ 0.5) x 10 13 cm® molecule® s 1. Three measurements of the
propargyl radical absorption cross-section obtainges= (413 £ 60) x 1072° cm? molecule® at 332.5 nm.

Stated uncertainties are two standard deviations and include the uncertainty of the absorption cross section,
where appropriate.

Introduction for this paucity of kinetic data is that the ultraviolet (UV)
Propargyl §CH,C=CH) is the simplest unsaturated hydro- absorption bands of the propargyl radical near 330 nm are

carbon radical possessing resonance stabilization. This resonanctgi\'/f;uztétzggorslg;'\tﬁeyrvgsiilgl rg.?flféﬂ% the sensitive and quantita-
stabilization energy, estimated at approximately 36 kJ ol Duri t studv. Mort t%u‘n itored GH- (X28
accounts for its resistance to pyrolysis and relatively slow uring a recent study, Morter, et'&nonitored GHs (X*By)

reaction rate with molecular oxygen. The suppression of theseradicals in their ground electronic state using long path color

destruction mechanisms enables large concentrations of propC€Nter infrared (IR) laser absorption by the acetylenic CH

argyl radicals to exist in flames. In flames the dominant loss stretching vibra_tion. The production 9f the radical was via the
channel for propargyl radicals becomes its self-reaction, which same photolysis sequences useo! n the current study. The
resonance stabilization does not diminish, and this channel Prévious %Udy reports a gaticoefflcu_ant at.295kK,=. 1..2:l:
produces acyclic gHs species. According to a mechanism 0'2.X 1071 cm® molecule™t s ’Wh'Ch s derlvgd by fitting to .
proposed by Miller et. aP,these acyclic gHe species cyclize a S'”?P'e second-order de_cay (e dls_regardlng other poss_|ble
to form benzene which feeds the production channels leading reactwe_loss channels Whlch can (_:ontrlbute to propargyl radical
to polycyclic aromatic hydrocarbons (PAHSs), the major com- destruction.) This rate coefﬁmgnt is around 5 times larger than
ponent of soot. In a sense, the soot producing capacity of thethose found for.t.he self-reactions of analogous satqrated and
propargyl radical resides in the enhancement of the ratio of its resonance stabilized, ﬂnsaturated hy?rcigarbon radicals (e.g.,
self-reaction rate over all other oxidation and pyrolysis loss rates. n-prop;)l/l Ko = 1.7 13_ _10';": moIecuI_E s, allyl k. = 2.65
Surprisingly, the reaction rate coefficients for the propargyl * 10"**cn molecule™ s7%),"# suggesting that a remeasurement

radical self-reaction and oxidation as well as reactions with other of tl.(l IS \]ﬁvlf‘rr"’tmztgg'KHtehret’ we :Cep;)rt a? Ze;p;.erlmenltal deiﬁrml-
closed-shell molecules and radicals have been subjected to litt|gh3uon ofki a at1s a factor of 2.c imes slower than

study. The archival literature contains only two high temperature that reported previously by Morter et l.
determination of the bimolecular reaction Slagle and Gutmdrused the sampled reactor/mass spectro-

metric method to study the complex behavior of the molecular
C,H, + C;H; (+M) — products (1) oxygen addition reaction,

and one recent room temperature (300 K) stti@ne reason C;H; + O, (+M) — products )
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however, instrumental limitations did not allow a detailed (610-680 nm), PTP (335350 nm), and DMQ (345360 nm),
investigation of the pressure dependence. At lower temperaturesas well as the KDP* doubling crystal (365340 nm)). At the
(293—333 K) Slagle and Gutman inferred that reaction 2 initially ~cavity entrance mirror, an iris apertured the probe laser beam
forms an adduct, propargylperoxy radical, but they could not to ~2 mm diameter and the energy was not allowed to exceed
rule out activity along other product channels. As temperature 100 xJ/(cn? pulse). The photomultiplier signal was (analog)
increases, the reaction appears to shift from pure addition filtered to pass frequencies less than 25 MHz. (Proper cavity
(producing propargylperoxy radical), through an intermediate alignment was verified by observing oscilloscope traces recorded
region (380-430 K) where equilibrium is established between at the full 1.0 GHz bandwidth.) A weighted fit to each
the free GHz + O, and the propargylperoxy radical (which exponential ring-down trace was extracted from a linear
samples a barrier to products including ketene), and to higherregression of a semilog plot and yielded the decay rate. We
temperatures (560900 K) where the dominant products are verified the quality of this procedure by fitting the data using
ketene and formyl radicafsAt all temperatures the initial step  an iterative, nonlinear Levenberg/arquardt fitting routiné
in the mechanism is the addition of oxygen to propargyl, and Both methods yielded identical results. We note that CRD
this rate is slow relative to addition rates observed for analogousabsorbance measurements have been demonstrated to obey the
nonresonance stabilized hydrocarbon radicals. Beer-Lambert relationship for the broad transitions often
In this work we describe measurements of the rate coefficients encountered in the UW
for reactions 1 and 2 at room temperature (295 K) and pressures  Cavity ring-down measurements observe the decay fite (
between 300 Pa and 13300 Pa (2.25 and 100 Torr) of He, Ar, of photon intensity in a stable optical cavity. Optical absorbance
and No. Propargyl concentrations were monitored using a js computed from the difference between the decay rates
recently developed laser photolysis/cavity ring-down appatétus. the decay rate in the presence of an absorber,Agd the
Previously reporteld and confirme& UV absorption bands  pase decay rate under nonabsorbing conditions. The base decay
were used to monitor the propargyl radical concentration during rate is measured by probing the reaction mixture prior to the
the kinetic measurements. These studies used kinetic datgyhotolysis laser pulse. The kinetic profile of absorbing species
produced by three different photolytic precursors of propargyl s obtained by measuringass over many selected delay times
radical. By modeling the complex chemical environment as- after the photolysis laser pulse. To compensate for the effects
sociated with the photolysis products of each precursor, a single, of system drift, we measure the avergigg.immediately before
self-reaction rate coefficient for propargyl radicals is obtained. each measurement gy In addition, the delay time intervals
We also report analyses of the stable photolysis products of petween the photolysis and CRD probe pulses are randomly

propyne and propargyl chloride. selected between zero and preset values. During this study,
) random time sampling was particularly important because the
Experimental Procedure'® reaction tube gradually accumulated brown soot in the photolysis

The details of the laser photolysis/cavity ring-down (CRD) region. When required, this soot was easily washed away with

apparatus are comprehensively described elsewha® this soap and water.
section presents only a basic overview and recent experimental The propargyl radicals for the spectroscopic and kinetic
refinements. A 16 mm i.d. quartz tube forms the reactor through studies were produced by 193 nm photolysis of allene, propyne,
which a premixed gas of known composition flows. The Propargyl chloride, and propargyl bromide. Allene and propyne
pumping rate is adjusted so that the movement of the gas sampldMatheson Gas Products, stated purity 97%) were used as
along the flow axis is inconsequential within the time interval supplied. GHsCl (Aldrich, 98%) and GHsBr (Fluka, 98%) were
of a single kinetic measurement, yet fast enough that the reactionfreeze-thaw degassed in liquid nitrogen to remove any volatile
mixture is fully refreshed during the 200 ms between photolysis contaminants and then 5% to 10% mixtures in the buffer gas
laser pulses. were prepared and stored in blackened glass bulbs. All reactant
Initially, an excimer laser (ArF193 nm, nominal 20 ns pulse, ~and buffer gases were flowed through mass flow controllers
maximum pulse energy 100 m‘]’ or XeB51 nm, nominal 20 (MKS Model 1259C) To eliminate concerns about the pOSSIb|e
ns pulse, maximum pulse energy 200 mJ) photolyzes the destruction of alkyne halides on the metal surfaces within the
reaction mixture. The photolysis laser beam is expanded andflow controllers, we repeated some experiments by flowing
masked to produce a uniform block 67 mm wide and 20 mm mixtures through an all-Teflon needle valve. These eXpeI’imentS
high with a peak power density of less than 100 kWicm Yielded results identical to those that used flow controllers.
Subsequently, the absorption by propargyl radicals is measured During measurements of the nearly pseudo-first-order rate
using cavity ring-down spectroscopy. For the CRDS we use a coefficients for reaction 2, it was necessary to establish the
1.08 m long cavity formed by two 1.0 m radius of curvature absolute density of the oxygen. The concern was that mixing

mirrors (VLOC, Inc.) of high peak effective reflectivityrf > between the continuously flowing reactor and backflush zones
99.8% at 340 nm) and a usable bandwidth of greater #2M might perturb the @density. (The backflush is used to minimize
nm (R* > 98%), giving a typical base ring-down time sf1.3 mirror contamination.) In the flow reactor the ®@actional flow

us. The ring-down cavity lies along the flow axis, normal to rate is multiplied by the total pressure to obtain the partial
the photolysis beam direction, so that the width of the photolysis pressure, which is then converted to a density. During this
beam defines the path length for the absorbance measurementalculation we implicitly assume that all of the, @low is
This optical configuration makes the extraction of species entrained within the flow of the central section of the reactor,
density straightforward. To minimize effects from radial gra- i.e., the central flow and the backflush flow do not mix.
dients of photolysis products, the photolysis beam height is Significant mixing could lead to negative determinate errors in
larger than the diameter of the reactor tube and the probe beanthe G, density and adversely affect the derived rate coefficients
diameter inside the cavity (beam waist of TEM~ 0.32mm)  for reaction 2. During a recent stufywe investigated this
is much smaller than the flow tube inner dimension. potential problem by measuring the rate coefficient fetdC+

The tunable probe laser beam was produced by an excimerO, and by measuring the absorption cross-section af Bith
pumped dye laser (nominal 20 ns pulse width; laser dyes: DCM measurements are sensitive to mixing between the backflush
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TABLE 1: Spectral Features Observed in UV Absorption
Spectra of the Propargyl Radical (GH3 (X2B;)) during This
Work and Previous Studies
a) gas-phase Ar-matrix
gas-phase CRDS UV absorption UV absorption
g (peakd nm) (bandheadl,nm) (peaks nm)
= 352.8 (weak)
2 349.3
S |b) 346.3 346.8
o 343.6 343.2 342.8
< 0) 340.3 340.3 339.1
335.9 335.6 335.2
332.5 332.0 3324
d) 329.5/330.4 (doublet) 329.2 328.5
325.6/326.6 (doublet) 325.2 324.8
L . 1 R I . L . L " 322.1 321.7 321.7
310 320 330 340 350 360 319.4 318.9 318.5
315.7/316.5 (doublet) 3154 315.0
Wavelength (nm) 356 3116
Figure 1. Ultraviolet absorption spectra of the propargyl radicaki& 309.9 309.5
observed from the 193 nm photolysis of (a) propyne, (b) allene, (c) 307.4 305.6 305.8
propargyl chloride, and (d) propargyl bromide. The vertical scale factor 303.0 303.0
of each plot is arbitrary and selected for presentation clarity. 300.3

aThis work. Absolute uncertainty of band centers<ist0.50 nm.
and the central reactor flows. Using procedures and reactort From ref 11. Stated uncertainty for each bandhead ranges between
conditions similar to those reported here, this apparatus obtained+0.5 and+1.0 nm.¢ From ref 12.
close agreement with accepted literature values. Therefore, we
conclude that effects induced by mixing are insignificant. ally vanished, thus establishing the transient nature of the
GC—MS end-product analyses of irradiated samples were spectral carrier.

accomplished with a HP 5890 Series 2 gas chromatograph (GC) Table 1 lists the UV absorption maxima observed in the
that is coupled to a HP 5972 mass spectrometer. The GC waspresent gas-phase CRD spectrum, the UV absorption bandheads
equipped with a Restek Model 502.2 column (0.32 mmxd.  reported from the gas-phase study by Ramsey and Thistleth-
30 m long). A bulb equipped with fused quartz windows was \yaijte!! and the absorption maxima observed during the argon
filled with a 1% GH3CI/99% He mixture to 101 kPa (1 atm)  cryogenic matrix study by Jacox and MilligdhThe agreements
and irradiated with 100 ArF laser pulses at 30 mJ/pulse at 1 among the band positions show that the present and prior studies
Hz. In other eXperimentS, the bulb was filled with 6.5% propyne/ have examined the same transient SDECieS. Ramsey and This-
93.5% Ar mixture to 101 kPa and irradiated with 500 ArF laser tlethwaité! established that this UV spectrum originates from
shots at 30 mJ/pulse at 1 Hz. These exposures were the smalleshe propargyl radical. Jacox and Millignshowed that the
needed to generate measurable quantities of photolysis productgrowth and destruction of these UV bands by species entrained
from each precursor. The irradiated Samp'es were injeCted intOin a Cryogenic argon matrix were mirrored by a set of infrared
a gas chromatograph and the mass spectra of the eluted peakghsorption bands. Although this electronic band system has not
were recorded. been assigned, this correlation establishes that the UV absorption
The kinetic experiments produce transient absorption (which pands arise from the vibrationless energy level of the ground
is readily converted to radical concentration) vs time. To derive electronic state. The accord between the infrared data and the
rate coefficients from these data, the kinetic mechanism is de-results of ab initio calculatiod&l? confirms further that the
signed and the absorption data is computationally simulated onpropargyl radial carried the IR spectrum, and by inference, that
a computer. This simulation is compared to the observed datapropargyl radical carries the UV spectrum. Ab initio calculations
and they? value is computed. Using the Levenbeidarquardt  also predict that an ultraviolet band system of the propargy!
proceduré? selected rate coefficients and concentrations are radical resides in the 330 nm regi#i8 Thus, we assign the
varied to minimize this value. The simulation software is CRD spectrum to arise from the vibrationless propargy| radical
comprised of a customized graphic interface that spawns satellitejn jts ground electronic state, i.e.glds (X2B1).
shells executing the original FORTRAN code of the ACUCHEM
kinetics simulation prograr’. ACUCHEM contains a symbolic
interpreter, allowing the input of the kinetic model in an intuitive
format, and a numerical forward integration routine, the accuracy
of which has been described and verified previodsly.

In Figure 1 the spectra obtained from the four different
precursors show slight variations in peak shape and relative
intensity, particularly for the propargyl bromide precursor. Most
of these variations seemed to originate from the substantial
degradation of the photolysis energy during each scan. This
degradation was caused by soot accumulation on the reactor
tube walls (through which the photolysis beam passes). This

Propargyl Radical Spectrum between 310 and 360 nm.  sooting does not affect the CRDS absorption measurement,
Figure 1 shows absorption spectra of the flow reactor contentswhich is made by a comparison of the ring-down rates before
observed 1Qus after propyne, allene, propargyl chloride, and and after the photolysis pulse, nor does it necessarily degrade
propargyl bromide are photolyzed by 193 nm laser light. the cavity mirror performance. Sooting does, however, affect
Although the spectra between 305 and 360 nm exhibit varied the amount of propargy! radicals produced per photolysis pulse.
band shapes and relative intensities, their band maxima alignAs soot accumulates, the amount of transient specigid3jC
indicating that they originate from the same spectral carrier. decreases but the background noise remains constant. Thus, the
As the time interval between the photolysis and probe pulses signal-to-noise ratio§N) also decreases and smaller features
was increased tez10 ms, the spectral bands decayed and fin- “wash out”, e.g., the doublet splitting of the 326 nm peaks.

Results
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In an attempt to correct for these phenomena, the spectraabsorbance signatures were distinct from the propargyl radial.
produced from propargyl bromide and propyne were recorded We report the characterization and kinetic measurements of these
in small segments and the photolysis power transmitted throughspecies in a separate accogthPhotolysis of the propargyl
the reactor was monitored. When the photolysis energy trans-halides at 193 nm produced strong transient absorption around
mitted into the flow tube decreased to 50%, we terminated data238 nm. The kinetic behavior suggested that the spectral carriers
collection and a linear correction was applied to the scan were the chlorine and bromine adducts of the parent compounds
segment. This power correction procedure is legitimate becauseformed by the reaction,
we also verified that the absorption signal is a linear function
of the photolysis power. However, this procedure cannot CaHX + X (+ M) — C;H;X, (4)
compensate for the deterioration of t&& ratio. For example, ] ) ) )
the photolysis products of propargyl bromide (Figure 1d) that e confirmed this assignment by observing the same
generate the greatest amount of soot also exhibit a spectrunﬁbsorpt'.on spectrum and S|m|Iar'k|net|c behavior from mixtures
that suffers the greatest variation in relative intensity and band Of chlorine and propargyl chloride that were exposed to 351
shapes. Conversely, the photolysis products of propyne and™M Ia@serhght._Under thes_e con(_j|t|onsgﬁlssoma_tes, p_ropargyl
allene that generate less soot exhibit spectra with better Chloride remains photolytically inert, and reaction 4 is the on[y
reproducibility. Presumably, the reaction of nascent H-atoms channel that can account for the increased transient absorptlon.
with CsHs radicals (see below) suppresses the soot production 1€ 193 nm photolysis products of propargyl bromide
mechanism when propyne and allene are photolyzed. We noteexhlplteq a_prompt increase in a}bsorpance between 240 and 250
that the spectral distortions from soot arise during1€F laser nm, indicating that the absorption originates from one of both
shots used to produce each spectrum. In contrast, each kinetid@scent photolysis productssis or CHy. Because photolysis
measurement is obtained with ordyl0® laser shots. During ~ ©f Propargyl chloride, which has a much larger quantum yield
each kinetic measurement the average photolysis energy di-for CsHs (90%) than that for gH3Br (~50%), did not produce
minished by less than 1%. strong prompt absorption, we can rule oyHg and assign the

For the kinetic studies, we also wish to establish that @bsorption to one of the §l, carbenes. Because it absorbs
propargyl radicals account for all absorbance at 332.5 nm. Strongly between 240 and 250 rifre vinylidene carbene
Current knowledge is sufficient to dismiss the possibility of (CH2C=C:) is the most likely carrier of this signal. Assignments
interference by other species. Each precursor photodissociated® the propynylidene or cyclopropenylidene structures are not

along two channels: _sutpporltzesd because they do not absorb over this spectral
interval:
CHoX + 193 nm— C,H, + X (X =H, Cl, Br) (3a) Analyses of the Stable Photolysis Productsihree studies
have reported that photolysis of propyne by 193 nm light
— C4H, + HX (3b) proceeds via loss of the acetylenic hydrogen, e.g.,

Previous studies have reported the 193 nghl{photolysis CH;C=CH + 193 nm— CH,C=C. + H (5)

yields from allene (89% and 64%°) propyne (56%"), prop-
argyl chloride (93%},and propargyl bromide<{50%)2! Allene
and propyne photodissociate to form vinylidene carbene(sH
C:) 19202224 The GH, product of the propargyl halides is not

rather than hydrogen loss at the methyl gréup-32 The
appearance of the propargyl radical spectrum following the 193
nm photolysis event seems at odds with these results. To test
. . . . the dominance of reaction 5 and persistence of any 1-propynyl
established, but the candidates are the propadienylidengCH radical (CHC=C) product, we conducted a series of experi-

C=C:), propynylidene (H&C=CH), and cyclopropenylidene .
structures. The absorption bands of these species do not overla;.[)‘n ents that analyzed the gaseous photolysis products present after

the propargyl band systef26 An electronically excited singlet prc_)r%aérgélcr_as/:gala%r;cgir:ogsf Vtvﬁée ni;poﬁsei;goluis nm) tlcl)%h;is
state of propynylidene is reported to exhibit diffuse bands d f Iy hloride found J dg. - photoly
between 310 and 370 n#,but the CRD spectrum does not products of propargyl chioride found two distinc#i@ species,

o ST two C3H4Cl, species, and two 4E15Cl species (chloro-allene
e.Xh'b't featuresllndlca.tlng Its presence. Any absorbance by and the parent propargyl chloride.) The GNIS reference data
singlet propynylidene is very small<(L% of the propargyl

radical absorbance) or absent. confirmed that the dominantsHe species is 1,5-hexadiyne. This

To account for all possible reactions that may follow reaction product is consistent with the self-reaction of propargy radical

3, complex kinetic schemes can be devised that generate awidé’vhere addition occurs at the methylenic sites, e.g.,

variety of major and minor transient products. Among these HC=CCH, + «CH,C=CH (+M) —
are the allyl, G, C;H, C3H3sCl,, and GH3Br; radicals. The 2

spectra of these species are well-characterized and do not absorb HC=C—CH,—CH,C=CH (6)
at 332.5 nnt&30 Thus, we conclude that all absorbance at 332.5
nm arises from the propargyl radical. The mass spectrum of the secongHgspecie®® is consistent

During our experiments we tried generating propargyl radicals with the structure of 1,2-hexadien-5-yne; however, no reference
by reacting chlorine atoms with propyne and allene. These spectrum for this compound is available to confirm the
experiments produced no detectable transient absorption in theassignment. The self-reaction of propargyl radical has been
region around 330 nm. The absence of detectable absorptionshowrf to produce 1,2-hexadien-5-yne via a condensation
implies that hydrogen abstraction from these precursors is reaction at the acetylenic and methylenic carbons, e.g.,
inefficient at 295 K and that these reactions are not useful

propargyl radical sources. CH,=C=CHe + ¢«CH,C=CH (+M) —

Transient Absorption Signals between 215 and 280 nm. H,C=C=CH-CH,C=CH (7)
An examination of the other spectral regions accessible to our
CRD mirrors (215-225 nm, 238-250 nm, and 262280 nm) The GC-MS analysis of the photolysis products of propyne

found absorbance by other transient species. These transientound the same two s species as observed in the propargyl
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chloride sample; two distinct, but minorglds species and one
minor C, species. The total ion current (TIC) of the minor
species was less than 5% of the TIC from thgHEspecies.
Both GsHe photolysis products were compared with reference
GC—MS analyses obtained from a commercial sample of 2,4-
hexadiyne. Neither §Hs photolysis product matched the refer-
ence data for 2,4-hexadiyne. The self-reaction otGHCe is
expected to produce 2,4-hexadiyne via:

CH,C=Cs + «C=CCH, (+M) — CH,C=C—C=CCH,
(8)

therefore, the absence of 2,4-hexadiyne from tités@hotolysis
products indicates that little or no GB=Coe is available (or
has persisted long enough) to undergo self-reactions.

We identified the @H4Cl; eluents by matching their retention
times and mass spectra with standards. The domire®5%o)
CsH4Cl, product is 2,3-dichloro-1-propene and a second, almost
undetectable €£5%) eluent proved to beis-1,3-dichloro-1-
propene. Our GEMS apparatus did not detect atnans-1,3-
dichloro-1-propene, even though it cleanly resolves the three
CsH4Cl, isomers. The GEMS data suggest that reaction 4
produces mainly the 2,3-dichloro-1-propene-1-yl radical and a
small amount of the 1,3-dichloro-1-propene-2-yl radical. The
2,3-dichloro-1-propene-1-yl radical is the spectral carrier at 242
nm in our parallel kinetic studies of the chlorine adducts of
propargyl chloride. In summary, the absorption spectra (Figure
1) and end-product data indicate that 193 nm photolysis of

propyne and propargyl chloride generates significant amounts

of propargyl radicals. If propyne photolysis proceeds via reaction
5, nascent CEC=Ce. photoproducts must be rapidly converted

to propargyl radicals in our high-pressure reactor. We also note

that the presence of38,Cl, species among the end-products
of the propargyl chloride sample is consistent with the activity
of reaction 4 following photolysis.

Measurements of the Absorption Cross Section of §Hs.
The largest peak in the UV spectrum (Figure 1), centered on

Atkinson and Hudgens

to ethylperoxy radical&?35thus, the absorption measurements
assayed equal amounts of propargyl and ethylperoxy radicals.
The ratio of absorbance®ihi/AS2s = 2,08 was multiplied

by the recommended absorption cross section for ethylperoxy
radical at 270 nmgo70 = 214 x 10720 molecule’® cn?,%° to
yield a value of 446« 1020 molecule’® cn? for the propargyl
radical absorption cross section at 332.5 nm.

The second scheme measured absorbance of propargyl radical
at 332.5 nm and the absorbance of the primary chlorine addition
product with propargyl chloride at 240 nm. Photolysis of
propargyl chloride (at 193 nm) produces equal quantities of the
propargyl and chlorine atoms (reaction 3a). The chlorine atoms
add to the propargyl chloride parent via reaction 4, producing
the adduct gHsCl, which absorbs strongly at 240.0 nm. The
results of these experiments implied the ra&fghyASHCh =
0.0929. This ratio multiplied by the absorption cross section of
the QH3C|2 radical at 240.0 NMo2400 = 4.16 x 10717
molecule! cn?,30 gives an absorption cross section for the
propargyl radical at 332.5 nm of 386 10-2° molecule™* cm?.

Finally, the absorption cross section for propargyl at 332.5
nm was calculated directly from change in absorbance observed
when propargyl chloride samples were photolyzed by 193 nm
laser light in the flow tube. The photolysis of propargy! chloride
proceeds through two channels (reaction 3) and Morter &t al.
have measured the branching ratio for production of propargyl
radicalfs; = 0.93. Fahr et al® have measured the absorption
cross section for propargyl chlorideygs = 378 x 10720
molecule’® cn?. During these experiments we measured a 193
nm photolysis laser flux of 1.6 mJ/&yless the 31% transmis-
sion loss measured at the curved face of the quartz flow tube.
This information combined witlw193 andfs, yields a value of
408 x 1072° molecule cn? for the absorption cross section
of the propargyl radical at 332.5 nm.

Since the three measurement schemes are consistent, we
recommend the mean of these measurementss= (413 +
60) x 1072° molecule’* cn?, where the stated uncertainty is

332.5 nm, was used to measure propargyl radical concentrationsfWice the standard deviation of the three determinations.

Within the bandwidth of our lase\y ~ 0.3 cnT?l) the spectrum
of this band exhibits no fine structure. Indeed, Ramsey and
Thistlethwaité! used a 6.7 m spectrometer to collect much

Self-Reaction of Propargyl RadicalsThe self-reaction rate
of propargyl radicals (reaction 1) was studied at 295 K by
observing the decay of absorbance at 332.5 nm following the

higher resolution spectra and established that these bands ard93 nm photolysis of allene, propargy! chloride and propargyl

“truly diffuse”. They attributed the homogeneous broadening

bromide in 42 separate experiments. During each kinetic

of these bands to predissociation. Diffuse continuum spectra€xperiment we measured the average photolysis energy trans-

are ideal for absorption measurements with cavity ring-down
spectroscopy. The extinction coefficient remains essentially

mitted through the flow reactor and found that it diminished
by less than 1%. The average photolysis flux across the entire

constant across the bandwidth of the laser beam causing eact$ample is uniform within 10%. This uniformity characteristic

populated cavity mode to decay at the same ¥aféhus, the

exists because the photolysis beam is impinging perpendicular

332.5 nm band should provide accurate CRD measurements ofto the CRDS cavity, the probe beam diameter inside the cavity

propargyl concentration.

is small (beam waist of TEMux ~ 0.32 mm), and the gas

To establish the absolute absorption cross section of themixture is optically thin. We also experimentally verified that

propargyl radical at 332.5 nm, we used three different calibration

each photolysis event irradiated only fresh gas-samples. When

schemes. First, the absorption by propargyl radical at 332.5 nmprobing aticqgs = 240 nm, allene shows a small, prompt

was compared to the absorption by ethylperoxy radical at 270
nm. The ethylperoxy radical was formed by the reaction
sequence:

C;H,Cl + 193 nm— C;H; + ClI (3a)
Cl+ C,Hg— HCl + C,Hq 9)
C,Hs + O, (+M) — C,HsO, (10)

Sufficient ethane and oxygen were added to ensure-tb@®o

absorption that does not decay. Although we could not identify
the carrier (and its appearance is too prompt to attribute to soot
formation), this signal was used to establish the gas flow
conditions that assured that each experiment involved a fresh
gas sample. Aflcgs = 332.5 nm this base line shift was not
observed.

For the time-resolved kinetic measurementé.ag = 332.5
nm, the reaction conditions spanned three different buffer gases
(N2, He, and Ar) at total pressures between 303 and 13300 Pa
(2.28-100 Torr). The partial pressure of the photolytic precur-
sors spanned an order of magnitude. Kinetic decays were

of the chlorine atoms produced in reaction 3a were converted recorded until the signal declined to about 5% of its maximum.
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TABLE 2: Kinetic Model and Derived Rate Coefficients that Interpret the Signal Traces Produced by 193 nm Photolysis of
C3H3Cl at 295 K. The Experiments Monitored the GH3z Concentration at 332.5 nm

reaction rate coefficiert(cm® molecule® s™) comments

C3H3Cl + 193 nm— C3H; + Cl f1a=10.93 Branching ratio from ref 6
"C3Hz + HCI flb =0.07

C3H3 +C3Hz — CeHg K=(42+09)x 10" Fitted value of this study
C3H3Cl + Cl — C3H3CLP 1.2x 1070 Unadjusted value from ref 30
CsHs + Cl — C3HsCl 1.5x 1070 Unadjusted value. See text
C3H3Cl, + Cl— C3H3Cl3 15x 1071 Unadjusted value. See text
C3H3Clx+C3H3Cl, — products 3.4¢ 10711 Unadjusted value from ref 30
CsH3 + C3HsCl, — products (£ 4) x 1012 Fitted value of this study

a Uncertainties denote two standard deviations. The uncertairitydifes not include the uncertainty of the absorption cross sectionsfdy. C
b2,3-Dichloro-1-propene-1-yl radical. See text and ref 30.

TABLE 3: The Kinetic Model and Derived Rate Coefficients That Interpret the Signal Traces Produced by 193 nm Photolysis
of C3H3Br at 295 K. The Experiments Monitored the C3H3; Concentration at 332.5 nm

reaction rate coefficieA{cm® molecule* s™) comments

C3H3Br + 193 nm— CgHs + Br fi.a=0.5 Branching ratio adopted from ref 21
— C3H, + HBr fia=0.5

C3H3Br + Br — C3H3Br.? 2x 10712 Unadjusted value from ref 30
C3H3 + Br — C3H3Br (6.5+5) x 10712 Fitted value of this study
C3H3 +C3Hz — CgHs kK=(45+2)x 10 Fitted value of this study
C3H3 + C3H3Br, — products (2.4:2) x 10712 Fitted value of this study
C3H3Br, + Br — products 8x 10711 Unadjusted value from ref 30
C3H3Bro+-CsH3Br, — products 1.7 10741 Unadjusted value from ref 30
C3H, + CgH3Br, — products 4x 1071 Unadjusted value. See text
CsHz + Br — C3H3Br 4x 101 Unadjusted value. See text
CsH3 + CgH, — products 5x 10711 Unadjusted value. See text
C3Hy + CsH, — products 5x 10°1% Unadjusted value. See text
C3H, + CgH3Br — products 5x 10712 Unadjusted value. See text

a Uncertainties denote two standard deviations. The uncertairtyddes not include the uncertainty of the absorption cross sectionsfdy. C
b Tentatively assigned to 2,3-dibromo-1-propene-1-yl radical. From ref 30.

This dynamic range corresponds to measurement of approxi-of k; that fits the data observed from the photolysis of allene,
mately four half-lives of the kinetic rate coefficient. Depletion propargy! chloride, and propargyl bromide.
of free radicals through wall reactions and the existence of a Tables 2 and 3 present the full kinetic mechanisms used to
source channel of vibrationlessis radicals from a nascent  fit absorption by GH3 radicals following 193 nm photolysis of
population of vibrationally excited, but nonabsorbingsHg propargyl chloride and propargyl bromide. These models
radicals may be discounted. Such processes will exhibit de-account for much of the chemical environment that affects the
pendencies on the total pressure and upon the partial pressurapparent rate of the propargyl self-reaction. The photolysis event
of the photolytic precursor. Since the derived rate coefficients generates halogen atoms that subsequently add to parent
showed no systematic dependence on pressure or third body asnolecules and form 2,3-dihalo-1-propene-1-yl radical$#X ).
conditions were changed by over more than an order of This concentration of §i3X, radicals accelerates the decay of
magnitude, we conclude that these potential perturbations dopropargyl radicals through the cross reactiogl{£+ C3HzXo.
not influence our rate determinations. Since the concentration ofs83X; radicals can be measured
During our initial analyses of the data obtained with halogen at 242 nm, where €43 does not absorb, we were able to
precursors, we used simple second-order fits of the kinetic measure independently the production and self-reaction rate
absorption data to determine the self-reaction rate coefficient, coefficients of these §3X, radicals in a parallel studf.
ki. The fits of propargyl chloride photolysis data found Specifically, by monitoring absorption at 242 nm in a sys-
k{'(second order} (8.3 4 1.7) x 1071 cm® molecule® st tem devoid of propagyl radicals, we determirg@s;H3;CIH-Cl)
(24 determinations) and fits of propargyl bromide data gave and k(CsHsCl,+C3HsCly). Similar experiments determined
ki'(second order}¥= (6.6 4+ 0.8) x 10711 cm® molecule’! s71 k(C3sH3Br+Br), k(C3HsBrx+Br), and k(CsHzBr,+CsH3Brp) in
(12 determinations), where the stated uncertainties reflect twicea chemical system containinglds; radicals. To derive these
the standard deviation of the individual measurements. [In this CsH3Br, rate coefficients, we included trial values of
report the uncertainty inss2 5is propagated into unprimed rate  k(CsHs+CgH3) derived from the final fits of the allene and
coefficients (e.g.ki), while primed rate coefficients (e.d') propargyl chloride data. These produced an intermediate set of
do not incorporate the uncertainty@fs> 5] The 25% difference CsH3Br; rate coefficients that were used to model th¢Hg
between these deriveki’'(second order) rates is statistically decay data. Modeling thesH3; decay data observed at 332.5

significant and exists because side reactions involvigidsGave nm from GH3Br precursor producedkafor C3Hz+CsH3 (Table
accelerated the observed signal decay. Because each chemicd), which was averaged with the determinationk déund from
system has a unique set of side reactions involviggsCthe the GH3Cl and allene data (Tables 2 and 4). This weighted

acceleration of the derivekh’'(second order) is a function of  average ok’ gave an intermediatgCsH3s+CsH3) that was used
the photolysis precursor. Thus, we discarded this simplified to refit the GH3Br, decay data (observed at 242 nm). Since
approach and analyzed the data by numerical chemical model-the threek' differed only slightly, this recursive modeling of
ing. These chemical models account for the contributions of both GH3Br photolysis data sets (observed at 332.5 nm and at
side reactions that accelerate the loss gfi£and distort the 242 nm) converged to produce an invariant set of rate coef-
determinations ok;. This procedure has yielded a unique value ficients after one additional cycle.
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TABLE 4: The Kinetic Model and Derived Rate Coefficients That

Atkinson and Hudgens

Interpret the Signal Traces Produced by 193 nm Photolysis

of C3Hy4 (Allene) at 295 K. The Experiments Monitored the GH3; Concentration at 332.5 nm

reaction rate coefficieAtm® molecule* s7* comments

CsHy + 193 nm— CgHz + H fia=0.89 Branching ratio from ref 24
A’C3H2+ Hz flb: 0.11

C3H3 +C3Hz — CgHs K=(44+14)x 101 Obtained during this study
C3Hz +H — C3H, (25+1.1)x 10710 Obtained during this study
CsHa + H — C3Hs (allyl) 6.5 x 10713 Unadjusted value from ref 53
CsHs+CsHs — products 2.7 10711 Unadjusted value from the average of refs 38 and 39
C3H3 + CgHs — products 2.9 1071 Unadjusted value. See text
CsHs + H— C3Hs 3.3x 10710 Unadjusted value from ref 54

H+H—H, 8.6 x 10716 (665 Pa)

Unadjusted value from ref 53

a Uncertainties denote two standard deviations. The uncertairtyddes not include the uncertainty of the absorption cross sectionsfby. C

Chlorine atoms add to propargyl chloride at nearly the
collision rate. The formation of bromine adduct via reaction 4
occurs much more slowly. The parallel study also measured
the GHsX; self-reaction and €HsX> + CgHs cross-reac-
tions3° The derived self-reaction rate coefficient fogHGCl,
is more rapid than that for £13Br,. The rate coefficients of
the cross-reactions 83, C3HsX,, and GH, radicals with
halogen atomsk(CzH3s+Cl) andk(CsHsCl,+Cl) in Table 2 and
k(CsH,+Br) in Table 3) were estimated by adjusting the
observed rate coefficie{CsHs+Br) (Table 3) by the reduced

masses of the reactants. This estimation procedure assumes that

these radicatradical recombination reactions have no potential

energy barriers and proceed at their respective reduce mass>

weighted collision rates times the efficiency factor derived for
k(C3H3+Br).

We note that the reaction system initiated by photolysis of
C3H3Cl produced some of the best determinations of
k(CsH3+C3H3). This occurred mainly because Cl atoms are not
persistent and because we have independent measurements
rate coefficients involving €HsCl,. Initially, reactions involving
the GH, carbene product from reaction 3 were included in each
model. For the propargyl chloride model these reactions were
found superfluous because the maximum concentrationtds C
is less than 4% of the nascent reactive species (i.e.3¥3C
and GH,) produced by the photolysis event (reactiorf 3.
contrast, the model for propargy! bromide retains these reactions
becausex33% of the reactive species generated by photolysis
of propargyl bromide are £i,.21 Our parallel study at 242 nm
detected the prompt production of thgH; singlet carbene
among these photolysis produétsModeling of the temporal
absorption at 242 nm indicates that the carbene population falls
to <10% of its initial value within 60@:s. The lifetime of GH,
is governed mainly by its reactivity with the photolytic precursor.
Since our studies did not explicitly determine this rate coef-
ficient, we have adopted rates estimated by analogy with those
reported for singlet Cklcarbene insertion into hydrocarboifs.
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Figure 2. Plots of the transient absorbance observed at 332.5 nm
following the 193 nm photolysis of propargyl radical precursors at 295
K and 600 Pa total pressure {Muffer): (a) propargyl chloride; the

800

The models also use estimated carbene-radical rate coefficient$olid line shows the fit that gives individual measurementk(GtHs

of similar magnitude.

When fitting complex reaction systems, it can be difficult to
separate the contributions from parallel loss channels that lead
to destruction of the observable, in this case, propargyl radi-
cals. For instance, the cross reactiogHg+ CsHsX5) and the
propargyl self-reaction (§13 + CsHs) produce very similar

+ C3H3) andk(CsHs + CsHsCly). See Table 2. (b) propargyl bromide;
the solid line shows the fit that gives individual measuremenk$yHs

+ Br), k(C3H3 + C3H3) andk(C3H3 + C3H3BI'2). See Table 3. (C) allene;
the solid line shows the fit that gives individual measurements of
k(CgH3+H) and k(C3H3 + CgHg). See Table 4.

nm data (monitoring €Hs, Tables 2 and 3) and determined from

decay signatures since the rate coefficients have the same242 nm data (monitoring ££13X,)° are identical.

magnitude and the concentration ofHzX, tends to track with
that of the propargyl radical. Fortunately, at longer reaction
times the GH3 and GH3X, concentrations eventually diverge
enough to permit distinct solutions fé€CsH3s+CsH3zX2) and
k(C3H3+C3H3), which are reported in Tables 2 and 3. Another
verification of our model is found by noting that the cross-
reaction rate coefficientg CsHs+CsH3zX2) obtained from 332.5

Figure 2a shows typical experimental data observed for the
photolysis of propargyl chloride. The line shows the fit
computed by the kinetic model (Table 2) and its good agreement
with the data. Because the Cl atom concentration is depleted
within the first~30 to~50 us by addition to propargyl chloride,
we could ignore side reactions between ClI and other species.
Fits of the data showed no evidence for a pseudo-first-order
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Figure 3. Two plots of the transient absorbance observed at 332.5
nm following the 193 nm photolysis of propargyl chloride at 295 K in
the presence of added.(Each fit of the kinetic model (solid line) to
the absorption signal yields an individual measuremek{@fHs+0,).
Increasing the @density, which is in much higher concentration than
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TABLE 5: Conditions Used to Determine the Rate
Coefficient for Reaction 2,k(CsH3+0,), at 295 K

maximal Q density

total pressure (10 molecular cnm3)/ ko (L0713 cm?

(Pa)/buffer gas photolysis precursor moleculels™?)
1346/He 4.07/gH;Cl 0.499
2671/He 5.15/gH3Br 1.01
6657/He 13.4/6HsBr 1.31
6663/He 15.6/H5CI 1.29
9982/He 19.6/eHsCl 1.40
13327/He 26.4/6H:Cl 1.35
1338/Ar 5.31/GH3Br 0.985
303/N 6.45/GH3Br 0.558
1330/N 4.31/GH3Br 1.11
3402/N, 14.6/GH3Br 1.28
3353/N, 12.4/GH3CI 1.40
6682/N, 17.6/GHsCI 151
9995/N, 26.3/GHsCl 1.77
13353/N 17.6/GHCI 1.95

fixed the cross-reaction rate coefficientd@sHs+CsHs) = 2.9

x 10711 cm® molecule! s71, which is the mean ok; and
K(C3Hs+C3Hs).3839 Figure 2¢ shows the quality of a typical fit
of the allene photolysis data which extracts individual measure-

the propargy! radical, leads to a linear increase in the observed ratements ofk(CsHs+H) andk(CsHs+CgHs). Fits of signal traces

coefficient. This relationship allows extraction of the bimolecular rate
coefficient for each total pressure and third body. For both plots the
total pressure is 13300 Pa (100 Torr) of He.

depletion of GHs, thus, ruling out reaction of the propargyl
radical with propargyl chloride.

of 100us to 3000us duration (100 points per trace) were used
to derive the average rate coefficients reported in Table 4. Our
derived rate coefficient for the reaction of H-atoms with
propargyl radicalsk(CsHs+H) = (2.5 £ 1.1) x 10710 cm?
molecule’! s71is somewhat greater than the previously reported
rate coefficientk = 7.2 x 10 cm® molecule? s 140

Figure 2b shows typical experimental data observed for the Nonetheless, our deduced rate coefficient is congruous with

photolysis of propargyl bromide. The line shows the fit
computed by the kinetic model (Table 3) and lies in good
agreement with the data. Unlike Cl atoms that react rapidly to
depletion, Br atoms react slowly with propargyl bromide and

those obtained for similar hydrocarbon radicals (é(@f;+CoHs)

= 2.0 x 1079 cm® molecule* s~ “Landk(H + allyl) = 3.3 x
107 cm® molecule? s18). Conceivably, differences in
reaction conditions between the studies may explain this

persist for more than 1 ms after the photolysis event. The datagiscrepancy. These previous studies were conducted in 266 Pa
support the assignment of a rapid cross-reaction between Br(~2 Torr) helium.

atoms and propargyl radicals (Table 3). The data indicates that

propargyl radicals do not react with propargyl bromide. We also
see no indication that reactions of HBr, a coproduct gfi{Br

To fit the GH3 decay data, we did not need to assign a
reactive role for @H,, which is reported to comprise between
6%4 and 219%° of the nascent reactive species produced by

photolysis, contribute to the observed decay, although this is the photolysis event (reaction 3). ThetG carbene should react
less certain and would bear additional study. The cross reactionyapidly to depletion with allene, rendering its importance to the

rate coefficienk(CsH3 +C3H3Bry), derived from this 332.5 nm
data (Table 3), is identical to tH€CsH3z +CsH3Br,) obtained
from a fit of 242 nm dat&° The derived rate coefficient for the
recombination of Br atoms with propargyl radicals (Table 3)

seems to be of the right magnitude and to our knowledge

represents its first determination.

CsHs decay as negligible except at the shortest times. Other
possible side reactions including pseudo-first-order reactions of
CsH3 radicals with the allene parent were considered and
rejected by the model.

Oxygen Addition to Propargyl Radical. The termolecular
association of molecular oxygen with the propargy! radical

Table 4 presents the kinetic mechanism used to fit absorption (reaction 2) was studied at 295 K in pseudo-first order with

by CsHs radicals following 193 nm photolysis of allene.
Following the photolytic event, the absorption signal decays
very rapidly and then slows (Figure 2c). The initial rapid decay
arises from the reaction of photolytically produced H atoms with
the propargyl radicals. After the H concentration is depleted
by reactions with propargyl and allene molecules, slower
reactions involving the propargyl and allyl radicals dominate
the signal evolution.

The kinetic model includes side reactions involving allyl
radicals. Allyl radicals should be the dominant reaction product
of H+allene. When reacting with allene, an H atom may add
to an end-carbon and form the vinyl radical, propene-2-yl, or
an H atom may add to the center carbon and form the allyl

excess @ For each total pressure, 5 to 10 separate determina-
tions of the observed first-order rate coefficient were conducted
with varying G densities. Figure 3 shows two typical plots from
these determinations. The observed decays were fit to a
combined second and first-order decay, using the second-order
decay rate observed when there is no oxygen present. This
treatment is much simpler than that used for the determination
of the self-reaction rate coefficient and is justified by the much
larger decay rate induced by the large excess ofl®fact,
nearly identical rate coefficients are obtained by treating the
system as purely pseudo-first order, but the mixed first and
second order fitting procedure should be slightly more accurate.
Table 5 presents the results of this investigation for three

radical. Because the allyl radical is resonance stabilized by 51 different buffer gases (third bodies) at total pressures ranging

kJ mol! relative to the propene-2-yl radic#lthe relative
reverse reaction rates to H-atom loss will greatly favor the
collisional stabilization of allyl radicals. For these fits we have

from 303 to 13300 Pa (2.28 to 100 Torr).
Figure 4 displays the results and also plots previous deter-
minations ofk,. As observed previously by Slagle et athe
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2.5 conditions, shows that the 1-propynyl radical is the nascetit C
species generated by photolysis of propyne with 193 nm
light.2031.32 This evidence indicates that nascent s:CEECe,
produced by reaction 5, is rapidly converted into a propargyl
radical on a time scale that is short with respect to its self-
reaction. Since the propargyl radical is 150 kJ miaohore stable
than the CHC=C. radical#* isomerization from the nascent
1-propynyl radical to the propargyl radical structures would
reconcile the experimental data. However, the maximum avail-
able internal energy within the GB=Ce photoproduct, 75 kJ
mol~1, is not sufficient to overcome the isomerization barrier
of 144 kJ mot1,%> so isomerization does not occur rapidly.
Since the spectroscopic and end-product data were observed
in experiments conducted in higher pressure systems, a second-
0.0 L . 1 . L . ary reaction may explain the appearance of propargyl radicals.
0 4 8 12 In this view a nascent 1-propynyl radical, produced by reaction
Total Pressure (kPa) 5, reacts with a propyne molecule forming a propargyl radical
and a propyne molecule:

et
=]
L

=
[V

by
o

k, (1013 ecm3molec!s)

Figure 4. The bimolecular reaction rate coefficients derived for the

termolecular association of propargyl radical with oxygen (reaction 2) _ _ . _ _
as a function of total pressure of three different buffer gases (squares CHyC=Cs + CH;C=CH — CH,C=CH + «CH,C=CH

= N, circles= He, triangle= Ar). The solid line represents the fit of (12)
the N, buffer data using the conventional falloff expressiba=€ 0.6)3°

This fit yields the valuek, = 2.3 x 1073 cm® molecule® s*. The Reaction 11 is approximately 36 kJ mélexothermict6—48
two lowest pressure points represent the reported rate coefficients fromThe reactivity of the 1-propynyl radical should be similar to
Slagle, et af. the analogous ethynyl radical, H€Ce, which rapidly abstracts

reaction is in the falloff I’egion between pure termolecular and a methy| hydrogen with rate coefficients ranging betwken
saturated (bimolecular) behavior. A fit of the observed pressure (1 to 3.5)x 10-11 cm?® molecule’? s71.74959|n the presence of
dependence for thezl\buffel’ to the falloff re|ati0nshiﬁ USing a |arge partial pressure of propyne, as used in these present
a line-broadening factor¢ = 0.6) yields the high-pressure  experiments, reaction 11 is likely to convert the nascent
limiting rate coefficient, ko = (2.3 £ 0.2) x 10°** cm?® 1-propynyl radical population into propargyl radicals before
m0|ecu|€1 Sﬁl, where the Uncertainty is two standard deviations. reaction 8 can produce a detectable concentration of 2,4_
As expected, the corresponding fit of data observed in He buffer hexadiyne. Additional experiments are needed to confirm this
yields the statistically indistinguishable rate coefficieks,= hypothesis.
2.0+ 0.5 x 10713 cm® molecule™ s™1. Because the data sets  ~ previous studié€-11have tersely noted soot deposits within
for He and N displayed little evidence of the linear (low) their apparatus. Our observation that the deposition occurs
pressure regime, we did not attempt to model the combined exclusively in the photolysis region may be evidence that the
data from both buffer systems using the three (or four) parametersypsequent reactions to form the PAHs (and thus the soot
fit described in the literature, although this procedure would observed) may occur much more rap|d|y at the surface of the
likely have produced similar resuts Rather, because thezN  yncoated reactor than in the gas phase. This would not be a
data set is more complete and displays a greater degree okyrprising result, but it could be important in the interpretation
pressure saturation (as expected, il a better collisional  of kinetic data where the mixture is in intimate contact with
stabilizer than He), we recommend the value derived from it, the walls of a reactor. In the laser photolysis/CRD reactor, the
ko = (2.3+ 0.5) x 10~ *3cm® molecule* s™*, where the stated  probed volume is much smaller than the total reaction volume
uncertainty reflects the divergent results from the two buffer gnd is displaced away from the walls. The time required for
systems. wall reaction products to diffuse back into the observation zone
is expected to be comparable to the observation times in the
current study, resulting in minimal perturbation from wall
Spectra and Photolysis End-ProductsPrevious studies have  reactions, particularly for the higher pressures.
shown that, after exposure to 193 nm light, propargyl radicals Reaction Rate Coefficients.During this study the self-
are among the nascent photodissociation products of allene reaction rate coefficients derived from simple second-order fits
propargyl chloride, and propargyl bromide. The present spectrumto time dependent absorption (and hence concentration) data
(Figure 1) and end-product analysis of the propyne photolysis were observed to vary with the photolysis precursor choice. This
products confirm that the 193 nm photolysis of propyne also observation was taken as evidence of the presence of side
leads to propargyl radicals. These results also agree withreactions, which also contribute to the loss of the observed
previous spectroscopic dathl? propargyl radical absorption. Thus, we subjected the data to
In accord with this study, Galli et & did not detect 2,4- more complex analyses, using a numerical forward integration
hexadiyne among the mass analyzed stable products of propynef a reaction mechanism and subsequent variation of the rate
exposed to 206 nm light. The presence of 1,5-hexadiyne parameters to obtain a fit. Our mechanisms account for all of
indicated that propargyl radicals dominated the recombination the radical (atomic) products of the photolysis and subsequent
channels of the photoproducts. Thus, these observations ofreactions. Chief among these for all of the precursor molecules
propargyl radical spectra and end-products comprise compellingwas reaction of a halogen or hydrogen atom with the parent to
evidence that propargyl radicals exist among the photolysis form a new highly reactive radical, which then participated in
products of propyne. the destruction of the propargyl radical. The observation of some
In stark contrast to the results observed in higher pressureof these new radicals in absorption near 240 nm and their kinetic
experiments, ample evidence, obtained under collisionlessbehavior greatly aided in the development of this mechanism.

Discussion
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All three kinetic models fit the data with nearly the same linear and saturated pressure dependence. The high-pressure
propargyl self-reaction rate coefficient. This accordkinvas limiting-rate coefficientk, = (2.3 & 0.5) x 10713 cm?
reached by accounting for the side reactions gfifwith the molecule! s71 derived by this study (Figure 4) is lower than
companion radicals that were cogenerated by the photolysisthe oxygen addition rate coefficients for saturated hydrocarbon
event of each precursor. The weighted average of the #iree radicals (e.g., ethyl Oy, n-propyl + Oy, k., = 8.0 x 10712
rate coefficients ik; = (4.3 £ 0.6) x 10711 cm?® molecule® cm® molecule'? s71355), This k., is also lower than those of
s1, where the uncertainty denotes two standard deviations andunsaturated radicals which do not possess resonance stabilization
includes the propagated uncertainty of the absorption coefficient, (e.g., vinyl +02, k., = 1.0 x 107! cm® molecule® s71).52
03325 Although the kinetic complexity of these reactive systems
caused us to discard simple analyses based on second-order fit€onclusion

of the CSHtS ?tehcatyi’ |SUCht. rate bcoeﬁ'%'en.tti. gve a rc_)ugh t The self-reaction and oxygen termolecular association rate
assessment of the total reactivity observed within an expeniment. . oticiants for the propargyl radical have been measured at

Second-order fits of §15 decay data qbtained by photolyzing 295 K and pressures ranging from 300 to 13300 Pa (2.25 to
propargyl chloride and propargyl bromide gaysecond order) 100 Torr) of three different buffer gases using the laser

= (8.341.7) x 10 cm® molecule s andk;'(second order) - -~ : : -

° ; photolysis/cavity ring-down technique. The self-reaction, which
= 11 1 1
. (6'6 + 0'8).X 107** cm® molecule S5 res_pectlve_ly. The . is an important route to polycyclic aromatic hydrocarbons in
similar magnitude of these rate coefficients is consistent with sooting flames, was found to be pressure independent across

our assignment tha.‘t the cross reactants wiH{are members_ the entire pressure range for all of the buffers. The data analyses

of the same Chem'cal class. These cross reactants are d'halot]sed chemical models that accounted for side reactions that were

genated V|r_1yl radical¥; where GHCl; is more reactive toward undetected in previous studies. These models were used to fit

CsHs than is GH4Br. absorption data of §H; observed during from the photolysis
The present rate coefficieit is significantly smaller than  of allene, propargy! chloride, and propargyl bromide. The fit

those reported by Morter et &ivho used the same halogenated  of all three reaction systems obtains the current recommendation,

precursors and photolysis wavelength. Some discord is expectedi, = (4.3 + 0.6) x 101! cm® molecule? st This rate

because they fit their {15 decays to a second-order rate coefficient is only about 20% smaller than that determined in

coefficient. Thus, their analysis did not consider the side the temperature range 62873 K, k; = 5.7 x 101 cm?

reactions that destroy propargyl radicals. We note that their testsmolecule? s™2, implying that the high pressure limiting-rate

for interference from photolytic CI atoms may have proved coefficient for this reaction has essentially no temperature

inadequate to detect (or suppress) the chlorine addition to dependence as is often seen for radicalical recombination

propargyl chloride (reaction 4) that occurs at nearly the collision reactions. The association reaction with molecular oxygen

rate (Table 2). However, these differences in the treatment of (reaction 2) was found to be in the falloff region between linear

side reactions only account for a lesser portion of the observedand saturated pressure dependence for the three buffer gases

discrepancy. used here (Ar, He, and\in the pressure range between 300
The previously reported rate coefficient is nearly twice what and 13300 Pa. The high-pressure limiting-rate coefficient

we derive from a simple second-order fit to the data in thid-£ 2.3 x 107 cm® molecule s~ was derived using the standard

Cl system (to which it should be comparable). Moreover, Morter falloff relationship® and is much lower than the coefficients of

et al® reported that th&;(second order) derived by fitting their =~ comparable hydrocarbon radicals with. @his is the expected

C3H3Br photolysis data was a factor of 2 larger than the result for the resonance stabilized propargyl radical and is

(second order) derived from theigldsCl photolysis data. Those  important in determining the sooting effect of propargyl radicals

relative rates indicate that the photolysis of propargyl bromide in flames.

created a much more reactive chemical environment within their

apparatus than was created during the photolysis of propargyl Acknowledgment. We thank Drs. Askar Fahr, Jeffrey A.

chloride. The authors postulated that the origin of this variance Manion, and Wing Tsang for insightful discussions and as-

was a greater photolytic production okl + HBr and the  sistance with some experiments.
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