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We have determined the branching fraction for the production of CO from the reaction of methyl radicals
and OfP) atoms at room temperature to be 04#£8).04 atT = 296 K. The measurement was made by
determining the concentration of CO using tunable infrared diode laser absorption. Methyl radicals and O
atoms were prepared by 193-nm excimer laser photolysis of acetone an€€SQ@roduced directly from
acetone photolysis was distinguished from that generated by the radidital reaction by using acetone
labeled with'3C only on the methyl groups. The result is in excellent agreement with another determination
of the CO branching fraction made using time-of-flight mass spectrometry.

Introduction of a 9% CH-in-air mixture at 2000 K) using GRI-Mech 3.0
and the Chemkin-fikinetics package. The simulation indicates

In a recent publication from our laboratorythe room- that, e.g., varying the CO yield from 0 to 0.4 results~iti0%

temperature rate constant and product distribution from the : . .
reaction of methyl radicals ari® oxygen atoms, a reaction of changes in maximum HCO and HOoncentrations and a few
pivotal importance in the combustion of hydrocarbon fuels, was tens of degrees in final temperature.
examined. Possible channels include: To obtain an independent, more definitive determination of
the CO branching fraction, we have determined here the CO
CH, + O(SP)—> CH,0 + H AH = —294.1 kJ/mol (1a) yi_eld using a direct, unambiguous spectroscopic method:_ tunab_le
diode laser spectroscopy. The concept of the experiment is
—HCO+H, AH = —354.2 kJ/mol (1b) simple. A static cell is filled with premixed stable precursors
to CHs radicals and O atoms in low concentrations, along with
—CO+H+H, AH=-228.7kJ/mol a bath gas. The cell is irradiated with 193-nm excimer laser
(1c) radiation usig a 2 Hzrepetition rate to photolyze the precursors.
—CH+H,0 AH=-43.9kJ/mol (1d) CHs radicals and O atoms then react forming, among other
products, CO. A diode laser tuned to a CO absorption line probes
— OH+CH, AH = +29.2kJ/mol  (1e) the reaction mixture after complete equilibration via bath gas
collisions, which is important in order to determine accurate
Reports of the relative importance of reactions{&avary; in CO concentrations by measuring the magnitude of absorption.
particular, the yield of CO from the reactions (1) is the subject Comparison of the CO concentration with that of other reaction
of some controversy. We recently attempted to determine the products (e.g., formaldehyde) or the initial reactant (methyl
relative yields of these reactions at room temperature using ourradical) concentration would then produce the CO branching
time-of-flight mass-spectrometry (TOFMS)-based combustion fraction. In practice, however, a number of complications must
kinetics apparatu$.Although a number of different sources be overcome to produce a valid determination of the CO yield.
contributed to the signal at mass 28, our measurements indicatedrhe O atom precursor is $Qand the geminate photochemical
aCo branChing fraction of 0.1F% 0.11. In contrast to this result, product is the SO radicaL which introduces no further Compﬁca_
Slagle et af reported that channel (1a) is the only important tjons. However, the Cklprecursor is acetone, which itself
one between 294 and 900 K, while Seakins and Lépravided generates both CO and GHy direct 193-nm photolysis, so
the first evidence that the sole important product of reactions that we must differentiate between direct photochemical CO
(1) is not formaldehyde by measuring an overall CO yield of anq CO produced from the radieatadical reaction. This is
0.4+ 0.2 at room temperature. The.Iatest'version (3:0) of GRI- accomplished by using acetone isotopically labeled Wit
Mect? models natural gas combustion using a CO yield of 0.4, o1y on the methyl groups, a compound commercially available.
and therefore depends to some extent on this value. To estlmatebsing this compound as a source of §ighotolytic 2CO is

the .magnitudg of its influeqce, we calculqted poncentrati_on produced directly from the acetone carbonyl #3@0 must
profiles in a simple combustion system (adiabatic combustion come from reactions of3CHs. However, 3CO can also be

* Corresponding author. E-mail addresses: preses@bnl.gov. generated from 193-nm photolysis Of. @bl produced by
t fknberg@bnl.gov. reaction 1a. We show below that the yield '8€O from the
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reactions that produdéCO do not contribute substantially under abundance CO in 1000 Torr Ar. The second mixture was,
the conditions of our experiment. Thus, the sources of the two typically, 0.80-2.50 Torr labeled acetone, 5:600.00 Torr SQ,
CO isotopologues produced from direct acetone photolysis andand Ar to make a total pressure of 1000 Torr. All of the
the CH + O radicat-radical reaction can be separated, and experiments reported here were performed using about 5 Torr
comparison of2CO and!3CO concentrations is a valid measure of mixtures made with acetone and Sfressures at the low
of CO yield from the reaction of CHand O atoms. end of the cited ranges, making the initial acetone pressure 4
mT (1.3 x 10 molecules/cr®) and the S@ pressure 40 mT
(1.3 x 10 molecules/crf). The first mixture was used to
The experimental apparatus is basically the same as that usedetermine the empirical relative sensitivity of the apparatus to
in numerous previous experimehtnd will not be described  the12C160 and3CL%0 lines to be used to measure CO product
in detail here. Briefly, a leagdsalt liquid-N> cooled diode laser  concentrations. The observed intensities of the two absorptions
was directed through a 129.5-cm-long Pyrex cell fitted withCaF  were recorded simultaneously by sweeping the diode laser across
windows. The diode laser beam was about 0.5 cm in diameter. both lines and recording the absorption spectrum. Since the total
Unwanted diode laser modes were separated by passing theressure of CO in the calibration mixture is known, as well as
infrared beam through a monochromator. The beam was thenthe natural abundance 8iC (12C/A3C = 89.66, 1.103%43C)?
focused onto an InSb detector. 193-nm photolysis radiation from the total line area yields an absolute calibration of experimental
a Questek model 2620 ArF excimer laser was counterpropagatedsensitivity to CO concentration. Irradiation of a reaction mixture
through the cell and completely blocked from entering the diode (acetone, S@ Ar) and comparison of experimentgC1¢0 and
laser by an OCLI infrared band-pass filter on a Ge substrate. 13C16Q line areas with line areas from calibration measurements
The excimer laser beam was shaped to a 2-ginsle using an  can then be turned into true CO concentrations. The repetition
iris before entering the cell resulting in a maximum UV laser rate of the excimer laser was 2 Hz, and three minutes were
fluence of 10 mJ/ciat an overall pulse energy of 20 mJ. allowed after irradiation to permit complete equilibration of the
Absorption spectra were recorded by current-scanning the diodeinternal degrees of freedom and the temperature of the cell
laser over a short¢ 0.3 cn'?) spectral range wheféCO and contents. For experiments where very low CO product concen-
13CO absorption lines are adjacent to one another. There aretrations were to be measured, a small 35 kHz sinusoidal
two spectral regions whef8CO and*CO absorption lines are  modulation was imposed on the diode laser current (hence
next to one another and the wavelengths are accessible to thérequency) and signals were detected using an SRS SR830 lock-

Experimental Section

particular diode in use. Near 2073 chP(17)v =0—v =1 in amplifier. In this manner, reliable CO line intensities could
12C1%0 and P(6)y = 0 — v = 1 13C%0 are 0.26 cm' apart. ~ be measured for product produced by as few as five excimer
Near 2077 cm! P(5)v = 0 — v = 1 3C%0 and P(16y = 0 laser pulses, and every two laser pulses thereafter.

— v = 112C'°0 are 0.29 cm* apart? All of the experiments Additional experiments to determine the profile in time of

reported here were performed using the lines near 207%.cm  13C160 concentration following the excimer laser pulse were
The cell is irradiated with a small number of UV pulses also performed (see below). For these experiments a few percent
(typically two), three minutes are allowed for complete equili- of the diode laser beam were separated from the beam used for
bration, and a number (typically 1000) of diode sweeps across absorption measurements using a £la#am splitter and directed
the two IR absorption lines are averaged in a digital oscilloscope, through a scanning Etalon operating at a fixed spacing. A small
and the result is stored on a PC. The procedure is repeated forl0 kHz sinusoidal frequency modulation was imposed on the
a total of~50 UV pulses before the cell is refilled and the whole  diode laser and a second lock-in amplifier (SRS 510) was used
experiment repeated. in a feedback loop to frequency-lock the diode laser on an Etalon
To determine concentrations from measured absorption fringe at the center frequency &iC1°0. (The frequency was
intensities, great care must be taken to avoid spectral distortion.identified by filling the cell with 10 mT CO 50% enriched in
For the 129.5 cm path length used in these experiments, wel3CléQ in 5 T Ar.) 13C160 absorption was detected with-30
found empirically that in order to be free from distortion, the ms time resolution depending on the setting of the time constant
pressure of CO in the sample cell could not excedd—15 of the SR830 lock-in amplifier used in the signal channel. With
mTorr (3.3-4.9 x 10" molecules/cr?) at 295 K in 5 Torr Ar. this instrumental arrangemetC10 absorption fromsingle
Premixed CO/Ar mixtures with this pressure of CO in 5 Torr excimer laser pulses could be detected when the sample cell
Ar produced an excellent Gaussian line shape absorption forwas filled with a reaction mixture as above.
both CO transitions studied. Higher CO pressures showed
evidence of flattening near the peak, i.e., all of the IR radiation Discussion
has been absorbed, and, with higher CO pressures the area under
the absorption line, will no longer be proportional to the CO
o, el calralon e MIXUreS SETS & mixure of natural abuncane CO and Arat a known CO
. concentration. We ignor&0 isotopologues. The areas under
Torr, and the mixtures were made so that the total CO pressure . . .
. . . the lines are proportional to the CO concentrations and the
in the sample cell during an experiment could not exceed 10 : o
) X . . absorption cross sections:
15 mTorr. Magnetically activated mixing vanes were inserted
into the sample supply bulbs to shorten the mixing time. Acetone

Analysis of the experimental data is straightforward. We
measure the areas under R0 and*CO absorption lines in

nat __ 1216,
labeled with13C (99.5 atom %) on the methyls was obtained Az = Cop, [C0] (2a)
from Cambridge Isotope Laboratories. Air was removed from nat 1316
the acetone by subjecting it to three freepaimp-thaw cycles A3 = Coy5[7CT0] (2b)

before use. S©(99.98 mass %) came from Matheson, and Ar

(99.997%) from Praxair. SOand Ar were used directly from  whereA™ represents the area under the absorption {ihis, a

the tanks. proportionality constant, and is the absorption cross section
Experiments were performed as follows. Two gas mixtures for the line. For this mixture the actual concentration ratio

were prepared; the first mixture was 2.50 Torr natural isotopic [F2CO]J/[*3CO] is 89.68 (1.103%13C abundance) so that we
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can evaluate the combined constabtg o in egs 2. Additional as~ 1%, an upper bound for the cross section for absorption
calibration experiments performed with 50% enrichég@O of 193-nm radiation by formaldehyde was found to-b&0~2°
yielded essentially the same results. We then use the evaluatean?, a very small value, indicating a low photochemical yield
constants and the measured areas under the CO lines in thef CO from this source. In addition, we also performed an
reaction mixtures to determine tH€O and'3CO concentrations  experiment designed to provide some quantification of the CO
in the reaction mixture after UV irradiation. Note that deter- yield from the 193-nm photolysis of formaldehyde. Five Torr
mination of the ratio of the concentrations of the CO isotopo- of a premixed CHO/Ar mixture containing 12.4 mTorr G}
logues in the reaction mixture (hence the CO reaction yield) was irradiated with 193-nm radiation at 2 Hz for thirty minutes
depends only on theatio of the measured absorption line areas using the same excimer laser fluence as in the acetone
so that measurements of absolute quantities are not requiredexperiment <10 mJ/crd, ~20 mJ at the front window of the
The absolute calibration of CO isotopologue pressures is cell in ~2 cn? area). The*’C®0 concentration produced was
available from this procedure, and can be used as an internalcalibrated vs. CO absorption from a known CO/Ar mixture; the
check of the data, but the determination of the CO reaction yield CO pressure after 3600 laser pulses was 3 mTorr. A blank
according to this method does not depend on absolute concenexperiment with no CkD produced no discernible CO. This
trations. result indicates that the quantity of photochemical CO from
For the measurement to be valid, we must pay attention to CH20 generated by the limited number of excimer laser pulses
the solution of a number of potential problems. First, radical during the acetone experiment can be safely neglected. More-
concentrations must be adjusted so that radicadical reactions ~ ©Ver. the yield of CO from the absorption of 193-nm radiation

competing with CH + O, such as Cki-+ CHs do not distort by formaldehyde has been shown to be sensitive to laser
the results. In 5 Torr Ar the rate of the methyl radical fluencel® implying that mu_ItipI”_noton effects are important. We
recombination reaction is & 10~ cm?® s~1 at 298 K10 Methyl have been_ garg_ful to maintain a low (10 mg?;erblV laser
radical recombination is avoided by arranging for the concentra- TU€nce, minimizing CO production from multiphoton absorp-
tion of CHs to be much smaller than that of O atoms by ton- _ .

preparing the reaction mixture with a large10-fold) excess Although the rate constant is comparatively I?ZV’ foml?lde'
of SO, the O atom precursor, compared to the initial acetone hyde COUIﬂ react with oxygen atorr_is:é L7 l.O‘ cm’ s
pressure. Larger S&@oncentrations than used here to increase atC2§8 Kh) hleadlrr(? t(l).h|ghl?/ react!;j/e OH r(;stglgals Ias well an
the [SQ] to [acetone] ratio were not feasible because all the HCO, which would ultimately provide an additional source o
UV radiation would be absorbed near the front of the cell,

13CO via reaction 3e between excimer laser pulses:
distorting the spatial distribution (hence concentrations) of

13 13,
products. The cross section for absorption of 193-nm laser CH; + O—~H,;"CO+H (3a)
radiation by'?C-acetonehs has been measuretb be 3.11+ 13 13
0.10x 108 cn. While 13C substitution may change this value CH;+ O—"CO+H,+H (3b)
slightly, the absorption cross section for labeled acetone will
certainly be of the same order of magnitude. Because of the O+ H, B¥co— oH + H¥cOo (3¢)
efficient decomposition of acetone by 193-nm radiation, mea-
surement of the UV absorption must be performed using a cell OH + H,"™CO— H,0 + H*CO (3d)
of flowing acetone, a measurement that is too expensive to be
made with the labeled compound. The 193-nm absorption cross 13 . 13
sectiod?120f SO, is ~ 6 x 10718 cn?, roughly twice that for HPCO+0—~0OH+7CO (3€)
acetone. The pressures of acetone and, $€ed in the HBCO+ O —H + 13C02 (3)

experiments cited above are a compromise determined by the

restrictions imposed on the low end by our sensitivity to detect 13ep. 12001

absorptions and on the high end by the desire to achieve radical OH + “CH;"CO "CH; — Products (39)
concentrations as uniform as possible along the cell axis. With

the pressures of acetone and,%®ed here, radical densities at O + SO— Products (3h)
the rear of the cell are about two-thirds those at the front of the \ye have modeled this set of reactions as follows. Using the

cell. While this i_s of little consequence for experiments that d(_) UV absorption coefficients of acetone and S@ven above,
not measure time dependence, we do have to take axialye calculated the energy deposited in 130 1-cm-deep cylinders
concentration variations in cell into account when modeling ¢ 2 cn? area along the cell axis in our reaction mixture. This
time-dependence experiments. calculation neglects any effects of beam divergence. Assuming
One concern in static experiments is the possibility that the one-photon absorptions and complete, single-channel photolyses,
products might react further with radicals present in the reactor. this leads to initial axial density distributions of O atoms and
Another complication involves reaction la. Formaldehyde 13CH;radicals. Rate constants used for reactions 3ax11410
produced by this reaction has been reported to absorb 193-nmcm?/molecule-s) and 3b (2.% 1071 cm?¥/molecule-s) were
radiation and to produce CO, in this c&3€0 that will be added  obtained from ref 1; for reactions 3¢ and 3d (010713, 1.0
to the yield of CO from the radicalradical reaction of interet. x 10711 cm®¥molecule-s) from ref 14; for reaction 3g (5:0
We correct for any*3CO vyield from secondary chemistry by 1013 cm®¥molecule-s) from ref 15; and for reaction 3h (1x0
extrapolating the result to zero excimer laser pulses. In any 10-13 cm¥molecule-s) from ref 16. The rate constant for reaction
event, the 193-nm absorption coefficient of formaldehyde is very 3f (5.0 x 10~ cm®¥molecule-s) was taken from ref 14, but the
small, so the'3CO concentration formed from formaldehyde rate constant for reaction 3e was adjusted to>.00711 cm?/
photolysis under these conditions is negligible. Direct attempts molecule-s following the suggestion of Bradley and Schatz who
to quantify the 193-nm absorption coefficient of formaldehyde have studied the potential energy surfaces controlling reactions
were not successful because it is so small. Based on aof the products of reaction 3f, H CO,,1” and CH+ 0,.18 The
conservative estimate of our ability to detect absorption as low latter species can react via a direct mechanism yielding
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Figure 1. Modeling of the production ofCO from reactions 3. Solid Time (s)
line: [**CQ] from reaction 3b. Dashed line3CQO] produced from
reactions 3et-f with the conditions cited in the text. Detdashed line: J ! ! !
[**CQ] produced from reactions 3d with an additional O atom
removal reaction on the cell wall with a rate constant of 50 Bot—
dot—dashed line: FCO] produced from reactions 3d with an O atom
wall removal rate of 50078. Other rate constants are cited in the text.

HCO + O or can react via CH insertion, yielding # CO,

and OH+ CO. By analogy, HCO+ O can react directly,
producing OH+ CO, or it can form a HC@HOCO complex,
generating H+ CO,. Schat?® has suggested that abstraction
involves a small barrier, so that at low temperatures, complex
formation is favored, the H+ CO, channel will dominate,
favoring reaction 3f over reaction 3e, and minimizing generation
of extral3CO. We have therefore used a ratio of 5:1 for the
rate constants of reactions 3f and 3e.

Using these initial radical concentrations and rate constants, L L L L
these reactions were numerically integrated separately for each 0.0 0.1 02 03 0.4 0.5
1-cm-deep volume along the cell axis and the results averaged. Time (s)
13CO from reaction 3b is produced on a few-hundredtime Figure 2. Time dependence dfCO absorption. Upper plot: profile
scale, but3CO from reactions 3d and 3e rises to concentrations 0f **CO absorption for 50 s following aingle UV laser pulse; 4 mT
comparable to thé3CO produced from reaction 3b in about (L3 x 10" molecules/crf) labeled acetone, 40 mT 3196 T Ar,

0.1 s, indicating a problem that could invalidate our result. 10 ms lock-in time constant. Lower plofCO absorption prafile,

. - . . average from five UV laser pulses, 3 ms time lock-in time constant.
However, we have observed in our time-flight-experiments that
the lifetime of O atoms can be strongly limited by reaction on
untreated cell walls. Addition of a zeroth-order sink for O atoms

[*CO] absorption (arb units)

a signal-to-noise ratio of about 5, adequate to demonstrate the
result. Data are shown in Figure 2. After the fast production of
O + wall — wall (3i) 13C_O due to the reaction of methyl radica}ls wit_h oxygen atoms,
which cannot be temporally resolved with this setup, the CO
as an additional reaction with even a modest rate in the rangeconcentration stays essentially flat over a time interval of up to
50-500 s! as shown in Figure 1 has a profound effect, 50 s (see Figure 2). Therefore, significant contributions to the
dramatically reducing the production (CO from reactions 13CO concentration from secondary reactions can be ruled out.
3d and 3e. We have performed an experimental check on thisThe shape of the time-dependéf€O absorption following
calculation. Real-time measurements of CO concentrations usingmultiple UV laser pulses does not change, only the DC level
rovibrational absorptions on a faster-than-millisecond time scale of the absorption rises sharply &0 concentration increases
are futile because of the slow equilibration rate among the with each pulse. We therefore acquired averaged CO concentra-
internal degrees of freedom of CO. However, production of CO tion profiles with improved signal-to-noise by averaging absorp-
from reactions 3etf occurs on much longer time scales100 tion from 5 to 10 pulses delivered at 2 Hz. The shape of the
ms), so that this time-dependence of the CO concentration is3CO concentration vs. time was the same as that observed from
accessible using fast, sensitive lock-in amplifiers. Interference single pulses, but with improved signal-to-noise. Similar results
from buildup of13CO from dark reactions between laser pulses were obtained by observing the shape of the CO concentration
will appear as rising or falling3CO absorption after the sharp  profile following a single 5-pulse group of UV pulses delivered
rise immediately following the UV laser pulse. Our ability to at the maximum 20-Hz repetition rate for our laser. These
observe CO from one laser pulse removes any ambiguity causedexperiments provide strong evidence that dark reactions between
by buildup of reaction products from multiple UV laser pulses. UV laser pulses do not materially affect the obser#&D yield.
With an experimental arrangement as described above we were If the reaction mixture is irradiated with a large number of
able to observe the time dependence for varying lengths of time excimer laser pulses and the concentrations of reaction products
of 13CO absorption following irradiation of a fresh sample (with are permitted to build up, the influence from secondary
no 13CO produced by any reactions) by one UV laser pulse with photochemistry becomes evident. We followed ¥#&'°0 and
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Figure 5. CO branching fraction for reactions 1 as a function of the

(squares) as a function of the number of accumulated excimer lasernumber of accumulated excimer laser pulses. The line is a linear least-

pulses. The ratio of the concentrations of ;SO acetone in this
experiment is 2.73. The reaction is followed for many more excimer

squares fit through the points: slope5.28 x 10* £+ 6.1 x 107
(95%), intercept= 0.18+ 0.04 (95%),r = +0.432. Initial pressures:

laser pulses than for the data shown in Figures 4 and 5. See text. The4.12 x 1072 Torr labeled acetone, 4.28 10Torr SO, 4.91 Torr Ar.

amplitude of the slow rise of tH€C'®O concentration contributes only
~10-15% to the total®C'®0O concentration. Initial pressures: 1.36
102 Torr labeled acetone, 3.72 1072 Torr SO, 4.90 T Ar.
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Figure 4. Concentrations of2C'0 (circles) and-*C®O (squares) as

a function of the number of accumulated excimer laser pulses for a
small number of excimer laser pulses. Conditions are cited in the text.
The lines are linear least-squares fits to the dat¥C @] slope= 2.78

x 1071 £ 1.0 x 1072 (95%), intercept= 7.26 x 1071 £ 3.2 x 107!
(95%),r = +0.997; [3CO] slope= 1.10x 1071+ 3.2 x 1073 (95%),
intercept= 1.33x 107' £+ 1.0 x 107! (95%),r = +0.998.

12C160 concentrations for 5000 laser pulses (total pressure
4.95 Torr, acetone pressurel3.6 mTorr, SQpressure= 37.2
mTorr). The concentrations of the two CO isotopologues rise
linearly for the first 206-300 laser pulses. The concentration
of 12C160 then levels off, while the concentration 61C%0
continues to rise another +05% of its total amplitude. See

Keeping the extent of reaction low (i.e., limiting the number
of laser pulses), the concentrations&E'%0 and2C'0 rise
essentially linearly with the number of excimer laser pulses,
consistent with a mechanism where the main source of CO is
the photolysis of acetone and reaction 1c. Such a pldf6t{O]
and [l2C'0] vs. accumulated excimer laser pulses is shown in
Figure 4. Initial concentrations in the reaction mixture were Ar,
4.94 T; acetone, 4.2 10°3T; SO, 4.34x 102 T. As will be
described below, the determination of the product yield with
this method depends only on concentration ratios but not on
absolute concentrations. Thus experimental limitations such as
zero-drift in the capacitance manometer used to make the
premixed gas mixtures or to measure the pressure in the sample
cell, and IR-detector drift during the experiment have no affect
on the result.

Let the observed ratio of the area under ¥€&'°O line to
that of the3C0 line for natural abundance CO Iy, (=
Anat,/Anat 5) and that for the reaction mixture by,. The real
concentration ratidr in the reaction mixture is theR = 89.66
X Mxn/Mnay, Where 89.66 is the ratio dfC to 1°C for natural
abundance. Assuming no corrections are needed for reactions
that scramble the products, the branching fractifea, that
describes CO from the GHt- O reaction is just

_ [13(:160] _ 1

B 2[12C160] " 2R (4)

Cco

The factor of 2 in the denominator originates from the fact
that the main channel of the photolysis of acetone at 193 nm
leads to two methyl radicals and one CO molecule. According
to Lightfoot et al.l® the overall yield for this process lies
between 95% and 97% depending on the photon density. Other
photolysis channels produce neither CO norzGlitectly and

Figure 3. These data support a scheme where the concentrationvere therefore neglected in the analysis. Figure 5 is a plot of
of 12C160 produced directly from acetone reaches a maximum 1/2R for three combined experiments (all 4 mT labeled acetone,
when the acetone is completely consumed, but some more40 mT SQ, 5 T total pressure, balance Ar). Data representing
13C160 is eventually produced from formaldehyde. The total fewer than five excimer laser pulses are omitted because the

concentration o#2C'%0 produced is consistent with the initial
concentration of acetone, and the additional risé3@t0 is

absolute values of these concentrations are comparable to the
scatter in the measured values. The branching fractiorR 1/2

sufficiently small not to exceed mass balance, but does not extrapolated to zero excimer laser pulses is G18.04, in

account for all of the!*C available, even though in ref 1 the

excellent agreement with the TOFMS measurements. The

only substantial products detected were CO and formaldehyde.branching fraction rises slightly with the accumulation of laser
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pulses (and products). Even though we showed that the quantityquantity using time-of-flight mass spectrometry. We are extend-
of excess¥C'%0 from subsequent reactions ¥CH,O should ing these measurements to higher temperatures using both
be negligible under our conditions, our experiment is sensitive TOFMS and IR diode-laser absorption. We expect that the
enough to detect a small rise in the branching fraction, which TOFMS measurements will be more accurate at higher tem-
can be attributed to some secondary chemistij@fcontaining peratures than measurements using IR absorption because the
species. In any case, extrapolation of the branching fraction to absorption measurements will eventually be limited by line
zero laser pulses corrects for the rise. width considerations, thermolysis in a static cell, and the
The particular absorption lines used in this experiment probe sensitivity to temperature of concentration measurements using
J = 17 for 12C16Q, far from the room-temperature peak for the rovibrational transitions probing states far from the peak of the
CO rotational distribution and = 6 for 13C60, close to the  equilibrium rotational distribution combined with our ability to
room-temperature peak of the rotational distribution. This makes generate a flat well-defined temperature profile in the sample
the comparison somewhat temperature sensitive (a one K errorcell.
in measuring temperature introduces a 1% error in the measured
ratio). The temperature of the laboratory during the experiment
was held within the range 296 1 K, so that the error introduced
from this source was small.
The measurements in this work and the experiments discusse
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