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Product Study of the Photolysis of Ketene and Ethyl Ethynyl Ether at 193.3 nm
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The product distributions of the excimer laser photolysis of ketene@CH and ethyl ethynyl ether ¢Es-

OCCH) at4 = 193.3 nm (ArF) were studied using a time-of-flight mass spectrometer (TOFMS) as an analytical
tool. Ketene was photolyzed in bath gases consisting of mixtures of He @bd &t various mixing ratios

at constant total pressures of 4 Torr and temperature of about 300 K. Singlet metAgeReproduced in

the photolysis of ketene was almost instantaneously converted either to triplet metB@eReof to methyl

radicals in collisions with He and 2br D,. By extrapolating the methyl and methylene signals to zero time
after photolysis, initial concentrations of these radicals were obtained. Analyzing the 3@itialand CH
concentrations as functions of hydrogen-to-helium ratios as well as simulating the observed traces of reactant
and product species resulted'dH, + CO (66 8)%, as the main product channel of the ketene photolysis
with smaller contributions from HCC@ H (17 £ 7)% and®CH, + CO (6+ 9)%. Hydrogen atoms, acetylene,
ethylene, ethyl, and ketenyl radicals, and small amounts of ketene were observed as primary products of the
ethyl ethynyl ether photolysis. Quantification ofH;, C;H,, C;Hs, and CHCO product leads to a HCCO

yield of (91 + 14)%.

1. Introduction TABLE 1: Enthalpies of Formation at 298 K (kJ/mol)
The ArF excimer laser photolysig & 193.3 nm) of ketene AH’gas reference
and ethyl ethynyl ether was studied as a source for ketenyl, CHCO —49.58 45
HCCO radicals. Reactions of these radicals are of interest in CoHsOCH 72.4 8
combustion systems for various reasons. HCCO radicals are ?CCHC(()X 5By :gc?fl 256
predominantly produced in the reaction of oxygen atoms with 1CH, (31A) 12807 45
acetylene and can be converted in reactions with hydrogen atoms ICH;, (b'B1) 528 23
to singlet methylene, which in turn can react with acetylene, CHs 146.65 45
giving propargyl radicals, a precursor in the formation of soot. H 218 47
HCCO is also implicated as the main reducing agent for nitric CoH, 226.73 47
; . . . ; CoHq4 52.47 47
oxide, NO, in the NQreburn mechanism.To investigate CoHs 119 48
reactions of ketenyl radicals experimentally, ketene has been co —110.53 47
used predominantly as a precursor species for ketenyl radicals C,0 286.60 47
in the past4 However, HCCO+ H is only a minor product CH;CHO —170.7 49

channel € 20%) in this proces$® The main products are GH . . : .
+ CO, wehich czsm rendgr product studies [c))f HCCO reactions .Of formation from Table 1, including 618.9 kJ/mol deposited

challenging because of interfering reactions involving methylene in the molecule after absorbing a 193.3-nm photon.
radicals. An e_xampl_e would be the HCCGEOO, reaction, which C,H:OCCH+ hy — C,H + HCCO
was recently investigated by OsbdrBecause HCCO as well

as CH produce CO and COin reactions with @ it would AH?° (298 K, kd/mol)= —395.6 (R1a)
have been difficult to distinguish between these two sources — C,H,+ CH,CO

and determine exact product yields. However, Osborn used ethyl .

ethynyl ether (EEE) instead, which has been shown in a AH® (298 K, kJ/mol)= —688.3 (R1b)
photodissociation dynamics study to give HCCO in quantum — C,H,+H+HCCO

yields close to unity at 193 nfhTo provide an independent o .

determination of the EEE photolysis products, as well as to AH?® (298 K, kdimol)= —244.2 (R1c)

clarify conflicting results for the ketene photolysis, in particular, — C,H, + CH,CHO

with respect to the electronic state (singlet or triplet) of the o _

methyler?e radicals produced, phot(olysgis prOdUCF:)tS )of both AH* (298 K, ki/mol)= —635.2 (R1d)

precursors were studied in this work. It is noteworthy that, for some cases, the exothermicity is large
For ethyl ethynyl ether, many product channels are energeti- enough to allow secondary decomposition of internally excited

cally possible, and only those considered in this work are products.

mentioned below. Reaction enthalpies were calculated with heats Krisch et al. measured the dynamics of the 193-nm photo-

dissociation of EEE in a molecular beam using synchrotron
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HCCO radicals were found to be vibrationally and electronically 220 nm. EEE was photolyzed mostly in helium as buffer gas at
excited. Other than £1s5, no other products (mass channels 4 Torr. In two experiments, helium was replaced bydt D,
associated with &1,, CH;CHO, GH, and CHCO were probed) in an attempt to capture HCCO radicals, a reaction for which
could be detected. No attempt was made to detgdi Because the rate constant has recently been meastidquantifying

of the large background signal at mass 28. Thus, it was several C2 product species), C;H4, CoHs), the HCCO vyield
concluded that Rla is the only important channel for the could be obtained.

photolysis of EEE. Ketene was photolyzed in bath gases of mixtures of helium
For the ketene photolysis, several product channels areand hydrogen (kK or Dy) with varying mixing ratios at total

energetically possible, e.g.: pressures of 4 Torr. Following the same idea of Glass et al.,

singlet methylene either is rapidly deactivated to triplet meth-

CH,CO+ hv — CH, (b'B,) + CO ylene in collisions with the bath gas or is converted to methyl

radicals (CH, CH,D, or CHD,) in reactions with H or D..
AH?® (298 K, kJ/mol)= —151.8 (R2a)  Because the detection method employed here is not state
—CH, (& 1n )+ CO selective, the question as to whethBg or A; CH; is produced
2 1 could not be answered. Interestingly, Hartland et al. suggested
AH® (298 K, kd/mol)= —251.7 (R2b) that the reactivity ofB; CH, might be larger than that d\;
53 CH,, which would favor chemical reaction over deactivation
— CH, (X"By+ CO by H, or D, herel* However, the lifetime of anyB; methylene
AH° (298 K, kd/mol)= —289.4 (R2c) produced was considered very short, so that it was not necessary
— HCCO+ H to invoke!B; CH; in the data analysis, as will be shown below.
. Therefore, singlet methylene will be considered t&' BAaCH,,
AH® (298 K, kd/mol)= —174.7 (R2d)  hjle triplet methylene will denote %¥B; CH, from here on.
—C,0+H, Triplet”methﬁllene and meth)él radicals \I/vere obi‘erved ﬁirlectly
o . as well as their reaction products. Analysis of the methylene-
AH? (298 K, kd/mol)= —282.7 (R2e) to-methyl ratios as a function of the hydrogen-to-helium mixing
ratio produced the singlet and triplet methylene yields. The
HCCO signal observed could be quantified using the results
from the EEE photolysis.

Again, the reaction enthalpies were calculated with heats of
formation from Table 1 with 618.9 kJ/mol added.

Ketene is initially excited to 8B, state by absorption of a
193-nm photo_n c_orrelati_ng to the GHb 1Bl)_+ CO product _ 2. Experimental Section
channeP%which is consistent with observations made by Ruiz
and Martn, who studied fluorescence signals after photolysis ~ The experiments were performed in a flow reactor/repetitive
of ketene at 193.3 ni.The emission was attributed to tHg; sampled time-of-flight mass spectrometer (TOFMS) apparatus,
— 1A, transition in CH with an overall fluorescence lifetime  which will be briefly discussed below. A detailed description
of less than 1Qus at a few mTorr of ketene; efforts to detect can be found elsewhete.The tubular quartz reactor (1-cm
CH, (& *A;) by laser-induced fluorescence were unsuccessful. diameter) was coated with boric acid on the inside to reduce
Glass et al. photolyzed ketene in mixtures ofahd Ar (2-20 surface reactions. The temperature inside the tube was measured
Torr, 298 K) and used atomic resonance absorption spectrometrywith thin-wire thermocouples. The content of the reactor was
to observe hydrogen atoms generated directly by the photolysissampled continuously through a pinhole in the wall. A portion
or in subsequent reactioRsThey concluded that the GHF of the sampled gas was photoionized by the VUV radiation
CO channels have a combined yield of about 82% with R2c emitted from a hollow cathode lamp (McPherson, Model 630)
about three times more likely than R2b. No distinction between operated with hydrogen as discharge gas. Isolating the lamp
channels R2a and R2b was made because it was assumed th&om the vacuum chamber by differential pumping of the
CH, (b 1B,) would be rapidly converted into GHa 'A;). R2d connecting glass tube allowed windowless operation, which
and R2e were reported to have similar yields with 10.7% and enabled the use of the whole;Hemission spectrum for
7.2%, respectively. Feltham et al. studied the speed distribution ionization. By switching voltages on the collection grid assembly
of H atoms generated in the photodissociation of ketene atat a high rate, “snapshots” of the composition of the reaction
various UV wavelengths, including 193 n¥h.In addition, mixture can be taken; here, in intervals of 48.
RRKM calculations were performed to explain the kinetic The radical precursors were photolyzed by the radiation of
energy release as well as internal energy distribution of the CO an ArF excimer laser (Lambda Physik, COMPEX 205), creating
fragment, which was compared to data published by Fujimoto a homogeneous distribution of radicals along the tube. Intensities
et al1® The authors concluded that only th%; ground potential inside the reactor tube were usually less than 50 n?fmen
energy surface of ketene was involved in the dissociation processpulse. The laser intensity entering and exiting the reactor was
and that'B; ketene is converted quickly to the ground state via monitored separately with two thermoelectric energy meters
radiationless processes. The estimated yields for channels R2i{Molectron J50). Mass spectra were summed typically for
and R2d are roughly 65% and 35%, respectively. Rim and several tens of thousands of laser shots per experiment.
Hershberger measured the total CO yield of the ketene pho- Mass-flow controllers (Tylan General, FC 260) were used to

tolysis at 296 K in bath gas mixtures of Xe andesS# low prepare the gas mixtures introduced into the reactor tube.
pressures using IR diode laser absorption. The CO yield of 83% Acetone (Mallinckrodt, 99.7%), 1,%C-acetone (Cambridge
leaves a maximum yield of 17% for HCCO. Isotope LaboratoriesiC-atom 99%), as well as all other liquid

In this paper, results will be presented from investigations sources, were degassed in several fregeanp—thaw cycles
of the product distribution of the ethyl ethynyl ether and ketene before use and stored as diluted mixtures in helium in 20-L
photolysis at 193 nm at temperatures around 300 K. To estimateglass vessels. Ethyl ethynyl ether (Aldrick40 wt % in
the amount of radicals that can be produced in the photolysis hexanes) could be concentrated somewhat by pumping away
of EEE, its absorption spectrum was taken between 155 andhalf of the sample upon melting after the last freepamp-
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thaw cycle. The remaining liquid was about twice as concen- 25
trated in ethyl ethynyl ether as the original. He (Welco CGI
Gas Technologies, UHP grade) was used directly from the tank,
whereas H (Matheson, purity 99.9999%) and,@Matheson,

> 99.7%, main impurities were CO ang@)Nvere passed through

a cold trap at LN temperature to remove traces of water. Ketene
was produced in the pyrolysis of acetic acid anhydride (Aldrich,
99.5%) in a heated quartz tube filled with quartz beads. For
this procedure, a controlled flow of helium was bubbled through
a bubbler filled with acetic acid anhydride. The bubbler was
placed in a waterice slush bath to reduce the vapor pressure
of the acetic acid anhydride. Before mixing the ketene/He flow
with the other components, remaining acetic acid anhydride as
well as water was trapped & U tube, which was placed in an 0.0
ethanot-dry ice slush. Mass spectra taken with hydrogen or

neon as discharge gas in the hollow cathode lamp did not show ) o

any significant signals other than those associated with ketene,?r?;rsEt S?‘)Zi?rrgmg gosegg:(')?ﬁézcgv‘ztgg'eegxm’égtr?]ee;i‘ﬂfet‘ne;igev'vith
so that impurities did not have to be taken into account. The gjtferent EEE concentrations. The inset shows an original data set with
concentration of ketene could be changed either by adjustingo.14 Torr of EEE/hexanes in 76 Torr of helium at 295 K. The EEE-
the flow of helium or by changing the temperature inside the to-hexanes ratio was 2.9, determined with the TOFMS apparatus. The
quartz tube. The pressure in the flow reactor was controlled by high noise Ieve[ bet\{veen 170 and 190 nm is caused by the low intensity
throttling the gas flow through a gate valve at the downstream of the D, lamp in this range.

end of the reactor. The flow velocity employed here was 8 m/s
to minimize the pressure drop along the tube.
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3. Data Analysis

Typical concentrations in the reactor were-@5) x 102 Absorption Cross Section of Ethyl Ethynyl Ether. Absorp-
molecules cmd of acetone, (0.95) x 1013 molecules cm? of tion spectra were taken from samples of mixtures of EEE/
ketene, and (2:58) x 1012 molecules cm? of ethyl ethynyl hexanes in He as well as hexane in He at various pressures.

ether. Dependent on laser fluence and absorption coefficient,-Lhe EEE/hexgne; sat:npltlas were taken from thg”same mixture
2—8% of the precursor species was photolyzed per laser shot (&t was used in the photolysis experiments. As will be described

Hydrogen concentration was varied in the ketene experiment?helow’ the EEﬁ-to-hfe%anE?EgtAo was detqrr:nne? by comparlntg
between 1x 10 and 1.2x 10~ molecules cim?. e mass spectra of the exanes mixture to mass spectra

of known quantities of either neat hexane or hexanes. The
absorption spectrum of EEE was obtained by subtracting the
hexanes contribution from the acquired spectrum of the mixture.

For reference measurements, mixtures efl£(Matheson,
with acetone removed by LMry ice distillation), GH4

(Matheson>99%), GHs (Linde, > 99%), CHOH (Mallinck- As can be seen in Figure 1, EEE has broad absorption features
rodt), hexane (Aldrich>95%), hexanes (J. T. Baker), 3-pen- in the VUV, with an absorption cross section®{193.3 nm)
tanone (Flukai99.5%), CO (Mathesor; 99%), and Q (Liquid = (5.3+ 1.0) x 1028 cn? at 295 K. This value is about 25%

Carbonic) with He were prepared in 3-L glass bulbs. Ketene |ower than the one quoted by Osbérhowever, the lower value
was prepared as described above and frozen out in a cold tragfits better with fractional drops observed with the time-of-flight
at liquid nitrogen temperature. The trap was then placed in a apparatus for precursor species such as &@ acetone after
dry ice/ethanol bath, after which the evaporated ketene wasphotolysis. In a previous publication, it was shown that the
collected in a 3-L glass bulb and pressurized with helium. fractions of precursors photolyzed were proportional to the

The VUV absorption spectrum of EEE was taken with a absorption coefficients! SO, having the largest absorption cross
McPherson Model 218 (0.3 m) vacuum scanning mono- section ¢ ~ 7 x 10718 cn?) showed the largest drop, followed
chromator fitted with a 2400 grooves/mm grating (1500 A blaze bY EEE ¢-80% that of SQ), f°”°_"l’§‘j by ScetoneA{SO% thaot
wavelength). No difference in the spectra could be detected for ©f SCz 0 (acetonej~ 3.1 x 1018 rfﬁnft)) and ketene (15%
slit widths of 50 and 8@xm. The monochromator was evacuated fg?;ﬂnstg{s‘fékmeneﬁ 1 x 107" cnmr)® at the same excimer
by a McPherson 815 pumping control system. A deuterium lam : . .

(zamamatsu L7292)pser\?edgas the Iig);lt source. The Windowps Ethyl Ethynyl Ether Photolysis. To determine the product
of the glass sample cell &€ 8.9 cm) were Mgk, P.hotomulti- yields of each photolysis channel, the initial EEE concentration
pliers (EMI 9558), sample holder, and electronics were furnished had to be known. For this purpose, the mass spectra of the EEE/

- hexanes mixtures were compared to mass spectra of either neat
by Acton Research Corporation. The sample holder featured 8pexane or mixtures of hexanes (see Figure 2). Because there
beam splitter in front of the sample cell, which directed a

. h o were only minor differences in fragmentation patterns or signal
fraction of the VUV light onto a second photomultiplier for strengths between the spectra of hexane and hexanes, both
reference measurements of the initial intensity. A LabVIEW compounds could be used as valid references. Peaks at masses
program controlled scan parameters and data acquisition via dat&yg 55 and 70 could be attributed to EEE alone, while masses
acquisition boards. The scan speed was 2 nm per minute; signalsg 57, and 86 were purely hexanes, which also contributed
were averaged for 3 or 1.5 s, giving a data point every 0.1 or ahout 6% to the peak at mass 42 in the EEE/hexanes mixture.
0.05 nm, respectively. The monochromator was calibrated by The remaining 94% could be attributed to fragmentation of EEE
taking absorption spectra of $Gind comparing the peak after ionization. The hexanes fraction in the two dilute mixtures
positions between 190 and 220 nm to literature datayhich in helium used in the photolysis experiments and the absorption
led to shifting the raw spectrum to shorter wavelengths by 0.615 measurements (see above) were 0.36 and 0.26, giving EEE
nm. The overall wavelength accuracy is abei@.1 nm. fractions of 0.64 and 0.74, respectively. The error of these
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Figure 2. Mass spectra of EEE/hexanes mixture (upper panel, total Figure 4. Experimentally observed traces at masses 55 and 70, which
concentration= 1.45 x 10 cm™) and hexanes (lower panel, were attributed to EEE, mass 42, which had two origins: EEE (94%)

Counts / 100

concentration= 1.12 x 10' cm3). and hexanes (6%), and masses 26, 28, and 41, which were attributed
to photolysis products acetylene, ethylene, and ketenyl radicals,
15— T respectively. Experimental conditions and initial concentrations are the

same as in Figure 3. The heavy lines in the lower panel are fits to the
data (see text).
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Figure 3. Experimentally observed traces for ethyl (mass 29) and
ketenyl (mass 41) radicals as well as fits to the data (heavy lines) and
their residuals (lower two panels). Experimental conditions and initial 0
concentrations (in cnf): T= 298 K, P = 4 Torr, [EEE] = 6.04 x 0 5 10 15 20 0 5 10 15 20
10%?, A[EEE] = 7.92 x 10'% Time / ms

Figure 5. Experimentally observed GHraces following the photolysis
fractions was estimated to be less than 10%. By comparison,of ethyl ethynyl ether. The amount of EEE photolyzed was (if 10
the original EEE/hexanes sample consisted of about 56%C¢M): (a) 1.74, (b) 3.23, (c) 5.35, and (d) 10.8. The counts are
hexanes. normalized for number of mass spectra acquired and lamp intensity.

Figure 3 displays a typical example of the signal traces The h_eavy lines are simulation calculations. The_ maximum of the CH
. . ? . . trace in panel (d) corresponds to a concentration of about T0'
acquired in the photolysis experiments of EEE. Surprisingly, cps.

the GHs and HCCO decays are strikingly different. The kinetics

for the ethyl radicals can be understood as radicadlical of ethylene is the formation of methyl radicals (see Figure 5).
reactions under conditions of small radical concentrations. In The most likely source of methyl radicals is the fast reaction of
contrast, the “fast” kinetics of the HCCO decays (half-life about ethyl radicals with hydrogen atom5which were generated

2 ms) was essentially independent of the radical or precursoralong with ethylene (channel R1c). Kinetic behavior and yield
concentration in the reactor, which leaves only wall reactions of the methyl radicals correlate fairly well with the ethyl radical
as a possible loss mechanism for the disappearance of ketenyand ethylene concentration. A better fit can be achieved by
radicals. The traces at masses 26, 28, and those ascribed to EEEhoosing a higher rate constant for theH,Hs reaction. With
(masses 55 and 70) showed the typical increase or dropthe help of reference measurements, ethylene and acetylene
associated with the photolysis event (see Figure 4). The fastcould be quantified. Having determined the EEE contents of
rise of the mass 26 and 28 traces (fitting the mass 26 tracesthe mixtures prepared, the drop of the EEE signal in the
with a simple exponential rise function leads to rates that were photolysis experiments could be directly converted into con-
at least four times as fast as the decay constants of the HCCCcentration.

profiles) indicates that the formation of these species is not Because ¢Hs and HCCO radicals were the major products
connected with the loss of HCCO radicals. Therefore, signals of the EEE photolysis, either ethyl or ketenyl radicals had to
at masses 26 and 28 were attributed to acetylene and ethylenehe calibrated. For this work, s was calibrated against the
respectively. Moreover, mass spectra taken of neat samples ofconcentration of ethyl radicals generated in the photolysis of
C,H4 showed that the acetylene signal at mass 26 is free of 3-pentanone. Slagle et al. showed that the photolysis of
interference from ethylene. Another indicator for the production 3-pentanone at 193 nm and 299 K has three product channels:

P

)
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2CHs + CO (69%), CH + CH,COGHs5 (13%), and GH4 + 6
HCOGHs (18%)22 While the methyl signal obtained in this
work was too small to be analyzed, the increase in the signal
observed at mass 28 was attributed to ethylene (the sensitivity
toward CO with H as discharge gas was so small that it had a
negligible effect on mass 28) and compared to the drop in the
3-pentanone precursor concentration, giving a yield of 17%,
which agrees very well with the value of Slagle et al. The main
ion fragments produced in the ionization of ethyl radicals
(ionization potential 8.1 eV) in this experiment are vinyl radicals
(CoH3) at mass 27, which have an appearance potential of 8.25
eV 2 Significant fragmentation into ethylene ions (appearance
potential is about 12 eV. The approximate value was calculated
using the heats of formation of the neutral species and the

Concentration / 10" cm™

AEEE /10"'cm®
ionization potential of ethylene, 10.5 é¥xould be problematic Figure 6. Initial concentrations of g4s (square), GH, (circle),
with respect to quantifying ethylene concentrations in the reactor CH.CO (upward-pointing triangle), and .8, (downward-pointing
tube. However, the signal at mass 28 showed no time depen-triangle) as a function of the drop in ethyl ethynyl ether concentration.
dence, which, in contrast, was clearly observed for ethyl radicals 1 n€ lines are error-weighted fits to the data points, for which the

at masses 27 and 29. Moreover, the relatively high atppearance'me'rsecno'ns were forced through the origin.

potential for ethylene ions and the excellent agreement between
Slagle’s ethylene yield and that of this work suggest that 2000 T T l
fragmentation of ethyl ions into ethylene ions is not significant.

A modified second-order decay profile (incorporating first- and

second-order loss mechanisms) was fit to the ethyl signal at 1500 ]
mass 29. @
c
=3

A Ko : .
7 = exXp(kpgt) X 3]

AO et 2ksecont(1 - exp(_kfirstt)) + I(first %l:) é
500 ]

This equation was adopted from an earlier paper describing
the decay of the methylene radical concentration in the presence
of excess methyl radical&s: andxyirst are apparent first-order 0 T .
losses of the two radical speci®sThe fits covered only data 0 A[EESE]/1O11 om?
acquired at least 0.5 ms after the_ I_ase_r was f|_red. Th|s_was Figure 7. Extrapolated HCCO counts as a function of the drop in
necessary because of an inherent finite rise time in every signal.ethyl ethynyl ether concentration. The line is an error-weighted fit to
Extrapolating the fit to time zero (synonymous to determining the data, giving a calibration constant of (160.4) counts per (10
Ag) then gave the initial counts, from which the calibration for molecules cm®) per 10& sweeps per unit lamp intensity.
the ethyl radical signals could be obtained by comparison with

the drop_ in _the precursor concentration with the appropriate (CH,CO) is already incorporated i(C;H4)). However, the
photolysis yield. The same procedure was employed to fit the 5in source of error has been neglected in this treatment, which
ethyl and ketenyl profiles in the EEE experiments (see Figure s the uncertainty in the calibration constants, which is on the
3) as well as the methylene and methyl profiles in the ketene g,qer of 20%. Renormalizing the yields and adopting a 20%
experiments. Usually, all parameterS,(kiist, iirst, Ksecond and calibration error for all channels leads to the following yields

R) were adjusted independently; however, the ethyl radical ¢ the individual channels of reaction R1 at 300 K and 4 Torr
profiles closely followed a second-order dec&ys ~ «iirst ~ helium:

0, R~ 1), whereas the HCCO profiles could be described by a
first-order decayksecons™ 0). The residuals in Figure 3 indicate d(R1la)=0.64+ 0.13
:jhat the equation above is able to describe the two very different ®(R1b)= 0.013-+ 0.003
ecay profiles extremely well.
Interestingly, the drop in signal at mass 42, even after d(R1c)=0.27+ 0.06
subtraction of the hexanes contribution, was always less than _
those in masses 55 and 70 belonging to EEE. The small ©(R1d)=0.071+ 0.015
difference was attributed tentatively to ketene formed via This gives a combined yield for the HCCO-producing channels
channel R1b. of ®(HCCO) = 0.91 + 0.14. Finally, from a plot of initial
Final results are shown in Figure 6, in which concentrations counts at mass 41 against the drop of EEE precursor (see Figure
obtained from extrapolations or simple averaging of the 7), the calibration constant of HCCO radicals can be obtained,
experimental data were plotted against the absolute drop in EEEwhich was then used to calibrate the mass 41 signals in the
precursor concentration. Straight lines with intercepts fixed to ketene photolysis experiments.
the origin were then fitted to the data points. Linear least-squares To check whether some of the observed products originate
analysis leads to the following photolysis yields for each species from EEE or hexanes, an EEE/hexanes mixture was prepared
(slopes) and their errorsP(CyHs) = 0.72+ 0.02,®(CoHg) = with a higher concentration of hexanes (about 70%). The
0.324+ 0.02,9(C;H,) = 0.08+ 0.01, and®(CH,CO) = 0.015 photolytic production of all species scaled with the concentration
+ 0.002, adding up to a total yield @b(total) = ®(CzHs) + of EEE and not with that of hexanes. Therefore, contributions
D(CoHy) + P(CoHy) = 1.12 £+ 0.03 (keep in mind thatb- of hexanes to the photolysis products can be ruled out.
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photodissociation in the same laser pulse, giving methylene
radicals and hydrogen atoms.

CH,COCH, + hw — 2CH, + CO (R3a)
—CH,CO+CH,  (R3b)
CH, + hv — CH, + H (R3c)

Because He and #D, concentrations are much larger than the
concentration of any other species, singlet methylene radicals
are converted within less than 13 to triplet methylene or
methyl radicals, according to reactions R4 and R5 or R6.

'CH, + He— °CH, + He (R4)
— — T 1 3
0 5 10 15 20 CH,+ H,—"CH, + H, (R5a)
Time / ms
Figure 8. Experimentally observed traces at masses¥6Hz, top —CH; +H (R5b)
panel), 15 (CH, second panel), 14CH,, third panel), and 41 (HCCO, 1 3
lower panel) for the photolysis of ketene. Experimental conditions and CH,+ D,—"CH,+ D, (R6a)
initial concentrations (in cn¥): T= 306 K,P = 4 Torr, [H] = 7.71
x 10, [Ketene]= 1.67 x 10', [**C-acetonel= 5.15 x 10'% 8.2% of —CH,D+D (R6Db)
the acetone and 2.6% of ketene was photolyzed. The heavy lines are
fits to the data. — CHD, +H (Réc)

Scavenging of HCCO radicals was also attempted by replac- Photolysis experiments of ketene in Dithout acetone showed
ing helium with hydrogen or deuterium as bath gas. Extending no signal at mass 15, so that the £tices in the complete
the Arrhenius expression for the rate constant of the HGEO  experiments did not have to be corrected for potential secondary
H reaction published recently by Carl etab 300 K gave a ~ chemistry.
rate constant of 2.& 10714 cm?¥/s, so that a klconcentration In view of the time resolution of the detection system (mass
of 1.2 x 107 cm~3 should have been sufficiently high to capture  Spectra were taken every 4@s), the 'CHy- t0-*CH,/CHs
almost 90% of the HCCO radicals produced. However, no conversion is instantaneous. Therefore, concentrations of species
difference in the kinetics could be detected in the mass 41 tracescreated in the photolysis are identified further on with a “00”
between measurements in helium ogBb. The most likely subscript, while the initially observed signals are identified with
explanation for this observation is that the Arrhenius expression @ “0” subscript. Integration of reactions R4 and R5 gives a
cannot be extended to lower temperatures reliably. Also, the simple form for the dependence of the initiH, and CH
product distribution seems not to be influenced by eitheoH concentrations on the ratio of reaction rate withtbl the total
D,. reaction rate:
Ketene Photolysis.In all experiments, ketene and acetone
or 1,343C-acetone were photolyzed simultaneously. For the [’CH,l, = [*CH,loo + (1 — f x X) x ['CH,loo
analysis, the ketene signal was referenced to acetone, and
methylene and methyl radicals formed in reactions with [CHlo = f x X x ["CH,]g,
hydrogen or helium bath gas were referenced to methyl radicals .
g)énergted in the photolygis of acetone. This was donye becauséNIth X=[Hal/([H,] + g x [He]), F= kee/Ksa 1 ko,
increasing concentrations ofth the bath gas also increased 0= Ky/(Ks, + Kgp,)-
the detection sensitivity of each species. Unfortunately, this
observation was difficult to describe in detail theoretically The values for the factoifgi.e., the relative amount of chemical
because, under the conditions used here, the beam source iguenching in théCH, + H, reaction) andy (i.e., the ratio of
characterized somewhere in the transition region between antotal rate constants of tH€H, + He and'CH, + H, reactions)
effusive beam source and supersonic expansion, for whichcan be taken or calculated from literature data té €0.85+
detailed theoretical descriptions are availal&. However, 0.08 andg = 0.0329-32
general expressions for the total flow through the orifice indicate  Using the proper calibration constants, the signals observed
that the throughput increases with decreasing viscosity, as seercan be converted into concentrations, and by normalizing the
here, and rising pressure, which was observed in earlier #ork. methylene and methyl concentrations to the amount of ketene
Figure 8 shows a typical example of methylene and methyl photolyzed, the photolysis yields for singlet and triplet meth-
signals acquired in the experiments and their fit curves. The ylene can be obtained. As mentioned above, a slightly different
same function that was used in the EEE photolysis to describeapproach was used for this study; the ketene concentration was
the ethyl and ketenyl profiles (see above) is employed here in referenced to that of acetone, and the methylene and methyl
the fit of the methylene and methyl traces. Again, extrapolating radicals, whose ultimate source was the photolysis of ketene,
the fits to time zero gave the initial signals. were referenced to methyl radicals generated in the photolysis
Products of the acetone photolysis at 193 nm have beenof acetone. The Ckteference concentration was obtained from
studied befor@*28 Primary photolysis of acetone and secondary the drop in the acetone concentration. To distinguish the two
photolysis of methyl radicals lead to an average effective yield kinds of methyl radicalsi3C-acetone was used in experiments
of (96 + 2)% for channel R3a under the conditions used here. with H,, whereas ordinary acetone was used in experiments with
Two to four percent of the primary methyl radicals underwent D,. Because the ratios of the calibration constants for ketene to
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1 g Signals at mass 40 (O) could not be detected. Unfortu-
nately, the ionization threshold or cross section gd®as not
been measured directly, but theoretical calculations ang ion
molecule reaction studies indicate that the ionization energies
of C,0 or the isoelectronic CNN are below 11 é¥ 3 which
is well within the range of the Hemission (ethane has an IP of
11.5 eV and is readily detected by this experiment). Therefore,
the absence of the;,O signal suggests that its concentration is
very low, but definite statements about its existence cannot be
made here.

Simulation Calculations for Ketene Photolysisln addition
to the analysis of the initial methylene and methyl signals,
concentration profiles for reactants as well as products were
calculated using the Chemkin Il program pack&gEhe reaction

[R]O / [C H S]O,ref,adj

0 1 U S . .
[HV(H,+g>{He]) mechanism is summarized in Tables-2 The calculated

Figure 9. Normalized initial radical concentrations as a function of concentration profiles were converted into counts by multiplica-

parameteiX (see text) with either plor D, as reactant*CH, (open tion with appropriate calibration constants and fragmentation

circle) in Hy, 3CH, (filled circle) in D,, CHs (square) in H, and HCCO
(triangle). The solid line is a fit to all methylene data, the dashed line
is a fit to methyl data.

patterns, which were obtained in separate experiments, with the
exception of vinyl radicals, whose calibration constant was
chosen to be the same as the one for ethyl radicals (see EEE
acetone andCH, to CHs to %CH;z are known from this and  experiment). Vinyl radicals were generated mainly in the
previous studies, this provides an automatic on-line calibration. reaction of CH radicals with ketene. As mentioned before, the
Because the experimental gieference concentration is not  detection sensitivity increased with increasing hydrogen con-
the same as the relevant drop in the ketene concentration, thesentration, which was noticeable in experiments with hydrogen-
difference between these quantities had to be factored into theto-helium ratios of larger than 0.1. The calibration measure-

final, adjusted Clireference concentration so that [€}bter aqj ments, however, were carried out with helium as bath gas.
= [AKetene]. This gives the final form for th#CH,-to-CHs Therefore, to account for differences in sensitivity, the calibra-
dependence oi, with concentrations replaced by [Gld to tion constants for C2 species were changed according to the
[CHg]o retadjratios, which are the desired photolysis yields: increase in counts observed for acetone, whereas the calibration
3 3 for C1 species was adjusted according to the methyl radical
[*CHAIY/[CH3lo rer,aq= ["CHol oo/ [CHalo re.aqi T reference signal. The adjustment for C1 species was up to 30%

(1—fxX) x [1CH2]00l[CH3]O,ref,adj higher than that for the C2 species. The bath gas-dependent
detection sensitivity has been discussed above. Unfortunately,
[CHal/[CH3p refagi= f x X x [1CH2]OO/[CH3]O,ref’adj the different increases in sensitivity between methyl and
methylene radicals on one side and heavier species on the other
As can be seen in Figure 9, the initial triplet methylene and could not be explained. However, larger signals for;GAd
methyl radical concentrations observed follow the anticipated CH, radicals based on errors in determining their concentrations
linear relationship with variablX. The absolute values for the  could be ruled out. In the end, this observation was simply taken
slopes { x [*CHz]oo/[CHz]o ref.ad) Of the methylene (0.5%: 0.06) as experimental reality.
and methyl (0.56t 0.05) points agree very well with each other. The simulated signal profiles were then compared to data
The methylene signal evaluated>at= 0 gives the total yield acquired with a focus on masses—i¥6 and 26-32, which
for triplet and singlet methylene _E@HZJOO + [lCHZ]OO)/_ covered all reactant and product species. The initial concentra-
[CHzlorefagj= 0.72 & 0.05). Combining the two results with oo \vere determined as outlined above, including the pho-
f = 0.85 gives the following photolysis yields for singlet and tolysis yields of this work. For the methylene and methyl

triplet methylene: species, the general agreement between experiment and simula-
®(R2b)= 0.66-+ 0.08 tion is very satisfactory, confirming the photolysis yields
determined in this work (see Figures 10 and 11). Only at large
®(R2c)=0.06+ 0.08 H, concentrationsX5 x 10 cm~3) do the simulations predict

Unfortunately, CHD and CDH data could not be used in the smaller signals for mass 29 than observed. Addip@ @s the
analysis because their calibration constants were not known.Photolysis product to the initial concentrations had little effect

Assuming that the calibration constants for both deuterated ©" @y mass trace. Also, it has to be mentioned that two
methyl radicals are similar to the one for €ktads to total adjustments in the reaction mechanism were necessary to obtain

methylene yields larger than unity. Therefore, these data were900d fits for masses 26 ¢8,) and 27 (GHy): first, the
neglected. methylene self-reaction rate constant had to be raised te 1.5

In addition, a small signal at mass 41 was observed, which 1071% cm¥s from 5.3x 107! cm¥s recommended by Baulch
showed the same fast kinetics as was observed in the EEESt al°’ This change was advocated earlier by Glass et al. and
photolysis experiments (see Figure 8). The signals were at-réferences therein. Second, the GHCH,CO reaction was
tributed to HCCO radicals and were fit in the same way as chosen toyield éHs + CO (60%) and gHz + H + CO (40%).
explained before. Using the calibration constant obtained in the ThiS is in contrast to Frey and Walsh, who recommended 15%
EEE study (see Figure 7), the initial counts were converted into for the vinyl and 85% for the acetylene channel, which is quite
concentrations and divided by the drop in ketene precursor different from an earlier publication from the same group of
concentration. This resulted in a HCCO vyield of: 65% vinyl and 35% acetyleri®.Because the product ratio of

this work depends on the assumed calibration constant for vinyl
®(R2d)=0.17+ 0.07 radicals, the product distribution of this reaction can only be
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TABLE 2: Reaction Mechanism for the Ketene!3C-acetone Photolysis: Bimolecular Reactioris

reactions A p Ea references/comments
CH+H,—CH+H 1.867x 10 0 3279 50
CH+ CH; —~ CHz +H 6 x 103 0 0 assumed
CH+ CHz— CHy + CoH» 6 x 1013 0 0 assumed
CH+ CH,CO— C,H,+ CO+H 5.8 x 101 0 0 total rate: 51
CH+ CH,CO— C,H3z + CO 8.6x 10 0 0 see also 38
CH + CH3COCH; — C,H4 + CH;CO 1.2x 10" 0 0 same as CH- CH,CO
CHy(S)+ He— CH, + He 6.624x 102 0 755 32,52
CHz(S) + H,— CH, + H 9.03x 1012 0 0 rate: 31,52
CHy(S)+ H,—CHz; +H 5.119x 103 0 0 yield: 29
CHjy(S) + CH,CO— C,H, + CO 7.838x 10* —0.33 0 31
CHy(S) + CH3COCH; — C;Hs + CH3CO 7.838x 10* -0.33 0 same as above
CH,+H—CH+H; 7.8 x 1012 0 —-1788 20% higher than 53
CH2 + CH2 i Csz +H+H 9 x 103 0 0 this work
CH,+ CH;— CHs+H 1.144x 10 0 0 24
CH, + HCCO— C,Hz + CO 6x 101 0 0 assumed
CH, + CoHz — CH3 + CoHs 6 x 103 0 0 assumed
CoHs;+H—H,+ CH» 1.2 x 10¢ 0 0 assumed
CyH3z + CHz — CHy + CoH» 9 x 1012 0 765 54
C2H3 + CH3 - C3H(5 1.98 x 1013 0 469 54
C2H3 + C2H3 i C2H2 + C2H4 6 x 103 0 0 assumed
C,0+H—CH+CO 1.8x 101 0 0 rate: 55
C,0O+ H,—HCCO+H 4.2 x 101t 0 0 rate: 55
HCCO+ H — CH,+ CO 1.2x 10* 0 0 assumed
HCCO+ CH; — C,Hs + CO 6x 1013 0 0 assumed
CHy + H <= CHz + Hy 1.325x 10P 2.53 12240 56
CH,CO+H—CHz+ CO 4.2x 1010 0 0 57

aData are given in Chemkin Il formatk = A T# exp(—E4/RT) with A in mol cn?/s, T in K, and E, in cal/mol.. Reactions offC species are not
shown, however, they were incorporated into the mechanism by duplicating the appropriate reactions shown in this Table.

TABLE 3: Reaction Mechanism for the Ketene!3C-acetone Photolysis: Pressure-Dependent Reactidns

reaction A p Ea references/comments

CH+Hz (+M) < CHs (+M) 1.970x 10t 0.43 —-370 56
LOW/4.820x 107 —2.80 590.0/

TROE/0.578 122.0 2535.0 9365.0/

CHs + H (+M) < CH, (+M) 2.108 x 101 0 0 53
LOW/6.528x 10% —1.80 0.00/

TROE/0.63 61.00 3315.00/

CHs + CHs (+He, H) — C:Hs (+He, Hy) He: 2.500x 10%, Hz: 2.800x 10'® —0.69 175 27, 10% higheX.,
LOW/8.05x 10! —3.75 981.62/

TROE/0.00 570.00 1000.00/

CoHa + H (+M) — CoHs (+M) 3.974x 10° 1.28 1292 53
LOW/4.714x 10'¢0.00 760.00/

TROE/0.76 40.0 1025/

H + CoHs (+M) — CoHa (+M) 6.080 x 102 0.27 280 56
LOW/1.400x 10% —3.860 3320.00/

TROE/0.7820 207.50 2663.00 6095.00/

H + CoHs (+M) < CoHe (+M) 5.210x 10Y -0.99 1580 56
LOW/1.990x 10* —7.080 6685.00/

TROE/0.8422 125.00 2219.00 6882.00/

CHs; + CHs (+M) < CgHs (+M) 9.430x 1042 0 0 56
LOW/2.710x 10" —16.82 13065.0/

TROE/0.1527 291.0 2742.0 7748.0/

2 Reactions involving'*C species are not shown but were added to the mechanism by duplicating reactions shown below. Data are given in
Chemkin Il format: low and pressure limit rate constants A T° exp(—E4/RT) with A, in mol cn¥/s, A in mol? cmf/s, T in K, andE, in cal/mol.
Further information on the format can be found at, e.g., http://www.me.berkeley.edu/gri_mech/data/k_form.html

5% in the TABLE 4: Reaction Mechanism for the Ketene*3C-acetone

given with a considerable uncertainty. However, 8 Photolysis: Unimolecular and Wall Reactions

acetylene channel would definitely produce too high a signal

in mass 26. reaction A B E.  references/comments
H — WALL 40 0 0 assumed
: ; CH— WALL 40 0 0 assumed
4. Discussion CH, — WALL 40 0 0  thiswork
Photolysis of EEE.In general terms, the HCCO yield 0f 91% ~ SHA(S) = WALL 500 0 0 same as HCCO loss
. ) CoHs — WALL 40 0 0 same as Ckoss
found here agrees very well with results of Krisch et al., who  jycco—waLL 500 0 0 this work

investigated the dynamics of the EEE photolysis at 193 nm
under high vacuum conditiorfsdowever, their product survey
did not show any evidence for channels other thahl{C+
HCCO (detection of eH, was not attempted), which can be importance € 8% for acetylene and< 2% for ketene).
understood in view of non-HCCO channels being of minor Acetylene had to be included into the primary photolysis

aData are given in Chemkin 1l formatk = A T# exp(€4/RT) with
Ain s Tin K, andE; in cal/mol.
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T possibility of ketenyl radicals being the origin of secondary
products.

From the kinetic energy release of the fragments and
additional LIF studies, Krisch et al. concluded that the HCCO
fragment is not only vibrationally but also electronically excited.
Three electronic states are energetically accessibfé'(aX
27" and A2A"). Because the Xnd Astates (denoted by Krisch
et al. as the fast channel) are separated by about 3 kcal/mol,
only their combined yield was given with 37%. HCCO in the
a state (denoted as slow channel) was found to have a yield of
63%. Relative ionization cross sections were measured of HCCO
in the slow channel compared to HCCO in the fast channel at
10.3 and 11.3 eV. The ionization cross sections of HCCO (a
4A") were found to be smaller by a factor of about 2 compared
to the fast-channel HCCO. This could have a direct impact on
results obtained here if electronically excited HCCO radicals
were not deactivated quickly, in which case, the calibration
constant found for HCCO radicals would be too low. Further-
more, the determination of the yield of HCCO radicals in the
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Figure 10. Experimentally observed traces at various masses in the ketene photolysis depends inversely on the calibration constant,
photolysis of ketene. Traces at mass pairs 30/32 and 29/31 wereand as a consequence, a lower calibration constant would

T
10

associated mainly with’C,Hs and *3CH;CHs, while traces at masses
26, 27, 28, and 41 were attributed mainly teHz, C;Hs, C;H4, and
HCCO, respectively. Experimental conditions and initial concentrations
(in cm™3): T= 303 K,P =4 Torr, [Hy] = 7.82 x 106, [Ketene]=

1.48 x 103, [*3C-acetonel= 4.52 x 10'% 6.3% of the acetone and
2.4% of ketene was photolyzed. The heavy lines are fits to the data.

overestimate the production of ketenyl radicals. However, the
HCCO yield obtained for the ketene photolysis agrees well with
literature data, so that the neglect of two electronic states of
HCCO seems to be justified here. In the worst case, the value
given for the HCCO vyield can be viewed as upper limit.
Krisch et al. also determined that energy between 100 and
355 kJ/mol is partitioned into the internal energy of the HCCO
(X, A) and GHs fragments and less than 170 kJ/mol in the
case of HCCO a+ CyHs. With about 155 kJ/mol necessary
to dissociate ethyl radicals into ethylene and hydrogen atoms,
it is quite possible that £, is produced in the subsequent
dissociation of vibrationally excited £s, which would have
been generated along with HCCO, (X). However, an ethylene
yield of 27% determined here compared to a 37% vyield for the
two lowest doublet states of HCCO reported by Krisch et al.
indicates that almost all of the ethyl radicals originating from
this channel would have to dissociate, which seems unlikely.
Alternatively, channel R1b leaves over 680 kJ/mol in the
products, ethylene, and ketene. However, excited ketene would
most likely dissociate into Ciand CO and not into H HCCO
if it were not stabilized. The small ketene yield and the virtual
absence of a methylene signal argue against this possibility.
Therefore, a direct dissociation of EEE into three species
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Figure 11. Experimentally observed traces at various masses in the
photolysis of ketene. Traces at the mass pair 30/32 was associate
mainly with 13C;Hg, while traces at masses 26, 27, 28, 29, and 41 were
attributed mainly to @H,, CyHs, CoHi °CH,CH,, and HCCO,
respectively. Experimental conditions and initial concentrations (in
cm3): T =306 K,P =4 Torr, [H] = 0, [Ketene]= 1.39 x 10%,
[*3C-acetonel= 4.48 x 10'% 8% of the acetone and 2.4% of ketene

(H, CoH4, and HCCO) or via a different, unidentified route
cannot be ruled out.

g Photolysis of Ketene Methylene along with CO is the major
product, (72+ 11)%, of the 193-nm photolysis of ketene. This
is in agreement with a yield of 82% given by Glass et al. for
singlet and triplet methylene combinetHowever, the singlet-
to-triplet methylene ratio obtained here is about 10:1, almost
the opposite of the ratio reported by Glass et al. The main origin

was photolyzed. The heavy lines are fits to the data. of this discrepancy can be explained by the additional production

o . . . of hydrogen atoms seen in their experiments with Ar as bath
products because the fast rise time of the signal is only consistenty,s " The additional hydrogen was attributed to the reaction of
if CoHy is a primary photolysis product. Gas-phase reactions gjectronically excited €0 with ketene. Alternatively, the self-
can be ruled out as a possible source because the productiopeaction of two methylene radicals can produce hydrogen
kinetics of GH, is too fast for the radical concentrations present atoms37 and with methylene concentrations in thel36m3
in the reactor tube, also too fast in comparison with the range as reported for their experiments, the kinetic behavior
disappearance kinetics of HCCO radicals, which is the only gbserved would be consistent with this hypothesis. Also, allene
probable reactant that could produce acetylene in heterogeneousnentioned by the authors as the main impurity in the ketene
reactions on the reactor wall. Unfortunately, the attempt to sample in amounts of a few percent might be problematic; allene
capture HCCO radicals by replacing helium with hydrogen photolysis also generates H atoms, and with an absorption
failed (see above), which might have shed more light on the coefficient about twice as large as that of ketéhé! even a
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small allene contamination can generate hydrogen atoms insignal calibration obtained from the EEE experiments. Interest-
concentrations that are not negligible compared to those ingly, if the magnitude of the photolysis of HCCO radicals in

produced in the H- HCCO channel. The (1% 7)% yield of
this work for HCCO radicals is in excellent agreement with
the 17% reported by Rim and Hershbefgand is in good

the EEE and ketene experiments were the same, the errors
induced by a wrong calibration coefficient would cancel each
other, giving the correct value for the HCCO yielso, CH

agreement with the 10.7% by Glass et al. In general, the findingsradicals can produce additional methylene and methyl radicals

here that!CH, + CO and HCCO+ H are the two major
channels in the photolysis of ketene compare very well with
conclusions by Feltham et #.C,O was proposed as a minor
photolysis product (67%) by Glass et al. and Laufét who
measured this yield indirectly by observing,HiD, and B in

the cophotolysis of CHCO and CDCO. This value would
complement the total yield for channels R2dbmeasured here
of 0.89 + 0.13 nicely. Glass et al. argued that electronically
excited GO was produced, which reacted quickly withy,H
giving H + HCCO. This implies that HCCO yields measured
at high H concentrations should be larger than yields deter-
mined at low or no H concentrations. However, the HCCO
yield (see Figure 9) is independent of the &bncentration,
casting some doubt on the interpretation of Glass et al.
Unfortunately, the sensitivity of this experiment towargQC

was not known, so that from the lack of any signal at mass 40,

its absence cannot be inferred.

in reactions with H. As a consequence, the methyl and
methylene concentrations at high Eoncentrations would be
larger with HCCO photolysis than without, while their concen-
trations at low H concentrations would remain unchanged (CH
radicals would react predominantly with ketene, producing
acetylene and vinyl radicals). Consequently, the slopes of the
normalized methyl and methylene concentrations as a function
of parameteK (the absolute values should be equal, see Figure
9) should differ significantly, which, however, was not observed.
In addition, if CH radicals were produced from HCCO, then
the initial 3CH, concentrations observed in experiments using
D, should be smaller than the concentrations found in H
experiments because the GHD, reaction would not produce
any interfering CH. Again, no evidence for this behavior was
found (see, e.g., Chyield for X ~ 1; open and filled circles in
Figure 9). Finally, considering a HCCO yield of around 20%
and assuming that not more than 15% of the HCCO radicals

The analysis of the EEE and ketene photolysis yields so far Was photolyzed as discussed above, it is not surprising that
neglected any secondary photolysis of HCCO radicals in the evidence of any secondary photodissociation of HCCO radicals

same laser pulse. The main photodissociation channel operateéf"ou'd be difficult to detect in the ketene photolysis experiments.

via breaking of the €C bond, producing CO molecules and

In summary, secondary HCCO photolysis cannot be ruled out;

CH radicals, which were observed after single-photon absorption "OWeVer, its influence on the results of this work is not

of HCCO radicals at wavelengths between 208 and 308%nm.

Moreover, fluorescence of excited CH radicals was observed

after photolysis of ketene at 193 nm and attributed to a two-
photon process involving HCCO as intermedi&téJnfortu-

significant.

5. Conclusion

The product distributions of the excimer laser photolysis of

nately, this two-photon process has not been measured quanethyl ethynyl ether and ketene at 193.3 nm have been measured.
titatively, and therefore, estimates of its influence on the results Questions of whether singlet or triplet methylene is produced

of this work on the basis of excimer laser fluence cannot be
made.

In the analysis of the EEE photolysis experiments, the HCCO
yield was determined indirectly from thel@, and GHe yields,

in the photolysis of ketene could be unambiguously answered:
ICH, (66 £+ 8)% and3CH, (6 £ 8)%. Ketenyl radicals as
photolysis products could be quantified for both precursors: (17
+ 7)% for ketene and (94 14)% for ethyl ethynyl ether.

and therefore, photodissociation of HCCO was not a problem Moreover, it could be shown that the product distribution of

per se. However, a significant HCCO photolysis would be
problematic if other C2 species {d,, C;Hs4, CoHs, CH,CO)
were produced in fast reactions of CH radicals with the most

the ethyl ethynyl ether photolysis is more complex than
previously thought; not only HCCO and,i8s, but also GH4
and GH, were detected. However, some questions remain that

abundant species, EEE and, to a lesser extent, hexanes ([EEEould not be answered with this experiment: is the methylene

[hexanesk: 2.5), which also denied any possibility of detecting
CH radicals directly. Consequently, experiments in which the

that is initially produced in the ketene photolysis in #i or
1A state, and is @ produced in this process at all? These

hexanes concentration was enriched over the EEE concentratiorproblems are better addressed by other means such as visible

([hexanes]/[EEEF 2.5) or in which He was replaced by either

H, or D,, were anticipated to scavenge CH radicals and,
therefore, should show a difference in the yields if CH radicals
were producing C2 species in significant amounts. However,

or IR spectroscopic techniques.
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