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The kinetics and product distribution for the reaction of methyl radicals, @ith ground-state, GP) oxygen

atoms, have been investigated at temperatures up to 925 K and at constant bath gas (He) concentrations of
about 3.2x 10' cm™3. With a photoionization/time-of-flight mass spectrometer (TOFMS) as an analytical
tool, precursor species, reactants, and products were observed simultaneously. The radicals were produced
by an excimer laser pulsé & 193 nm), in the cophotolysis of acetone, £HO)CH; and sulfur dioxide,

SO,. In addition to the dominant product, formaldehyde ¢gOl carbon monoxide (CO) was detected as the

only other main product. The yields for both products were found to be independent of temperature with
values of®cp,+0o(CH,O) = 0.84 £ 0.12 () and Pcp,+0(CO) = 0.15+ 0.06 (D). However, the overall

rate constant for this reaction shows a slight increase with temperaturéagpithy = (2.4 + 0.3) x 10710
exp(-(202+ 60) K/T) cm?® molecule® s™* betweenT = 354 and 925 K at [Hef 3.2 x 10 cm™3. In an
additional experiment the rate constant for the reaction of deuterated methyl radicalswi@Doxygen

atoms at 308 K in 3 Torr of He was determined toKag..o0 = (1.3 + 0.8) x 107° cm® molecule® s™%.

Using tunable diode laser absorption spectroscopy (TDLAS) the product yielfoffom the reaction Cp

+ 8O(P) was measured at room temperature in 5 Torr of Ar indicating an H/D-isotope effect lowering the
yield to ®cps+o(C*¥0O) = 0.12+ 0.01 (D).

Introduction with oxygen atoms. Using isotopic labeling of one of the

reactants, we were also able to measure the CO yield far CD
The temperature dependence of the rate constant and product_ o

distribution of the reaction of methyl radicals with oxygen atoms

has bgen mea§urgd, continuing an egrligr st.udy in our |ab0r"?‘t0rvaxperimental Section

in which the kinetics and product distribution of this reaction ) ]
had been determined at room temperature. Formaldehyde and TWo experimental methods have been used to study reaction
carbon monoxide were identified as main products with yields 1. The temperature dependence of the reaction kinetics and

of 0.84+ 0.15 and 0.17Z 0.11* and 0.184+ 0.04 product yields for the two major reaction channels (1a) and (1b)
have been measured using our repetitively sampled time-of-

CH;+ O—CH,0+H (1a) flight mass spectrometer. Because mass spectrometry is some-
what limited with respect to identifying species of the same

—CO+H,+H (1b) mass and also suffers from interferences due to fragmentation,

notably CO/CHO, we determined the CO yield for the @B

O case using tunable diode laser absorption spectroscopy.
Detailed descriptions of both apparatuses have been published
elsewhere and only an overview will be given belb#?

In both experiments, methyl radicals and ground state oxygen
atoms were conveniently produced in the cophotolysis of acetone
and sulfur dioxide, S@ atA = 193 nm using a pulsed ArF-
excimer laser (Lambda Physik LPX 240i or Compex 100) as
the radiation source

Recently, Marcy et al.investigated the isotope effect on the
product yield for the reactions of GH+ O and CQ3 + O by
observing IR emission from the CO produced in either reaction.
Exchanging H with D atoms dropped the yield of channel (1b)
by about 30%. In the theoretical part of the same paper,
trajectory calculations confirmed the observed H/D isotope
effect. Moreover, the theory predicted only a slight temperature
dependence of the product yields of CO and,Otas well as

a 15% CO yield for CH+ O. All these studies were sparked
by a publication by Seakins and Ledmeporting a product yield
for CO of 0.4+ 0.2 at room temperature. A large CO-producing

CH,C(O)CH, + hv (193 nm)— 2CH, + CO  (2)

branch could have had serious consequences for the combustion SQ, + hw (193 nm)— SO+ O(P) (3)
of small hydrocarbons, where this reaction is a major pathway
for methyl radical consumption. Acetone (Mallinckrodt, 99.5%) and perdeuteroacetone (Aldrich,

In this paper, we present the temperature dependence of the29.5 D-atom %) were degassed with three fregmemp-thaw
rate constant and product yield for the reaction of methyl radicals cycles before use. Both compounds, as well #©5(Stohler,
99.5 atom %, no longer available), were stored as dilute gaseous
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purchased as a 5% mixture in He (Praxair,,S099.6%, He
UHP-grade). For calibration purposes, mixtures of CO (Mathe- 1000
son,> 99%), G280 (Icon Services Inc., 98 atom %), and &b
CD,0O with He or Ar were prepared in additional glass bulbs.
Both formaldehyde isotopomers were prepared by heating the
respective paraformaldehyde (Aldrich, &M 95%, CDO 99
D-atom %) to a temperature around 100. Gaseous formal-
dehyde was then collected in a liquid nitrogen trap, transferred
to a glass bulb on warming, and diluted with He. Typically,
the preparation of the gas mixtures was performed a sufficiently
long time before use to ensure complete mixing.

TOFMS. The reactor consists of a tubular quartz reactor
(diameter 1 cm, length 43 cm), which could be electrically
heated. The surface was coated with boric acid and heat treated
at 450°C in a vacuum. This procedure greatly reduced the loss
of oxygen atoms on the reactor wall at high temperatures.
Precursor molecules mixed into bath gas (He: Praxair, UHP-
grade) flowed at a constant velocity of 17 m/s through the tube.
The gas flow through the reactor and precursor concentrations
were set by mass-flow controllers (Tylan General, FC 260). The
total pressure was adjusted according to temperature so that a
constant bath gas density of [He] 3.2 x 10 cm™2 was
maintained. A 1-mm pinhole in the wall of the reactor allowed e
the sampling of the gas mixture in the tube, a fraction of which 2k 3 3
was subsequently photoionized by VUV radiation emitted by a
hollow cathode lamp (McPherson, Model 630). The lamp was
operated with either Heh{ =21.2 eV) or Ar fw = 11.62 and
11.83 eV) in the discharge at low pressunes(1 Torr). Using
Ar, we could observe methyl radicals and formaldehyde
essentially free from fragmentation. Helium allows us to ionize
CO (ionization potential, IE= 14.01 eV} as well. However,
fragmentation of acetone and formaldehyde into mass 28 and
the signal at his mass, Al trese effects had 10 be removed by F/9Ure L Ion sgnals pote vs fime. Hefonizaton = 925 . P —

i X e h X ) 3.1 Torr, [Acetone]= 2.6 x 102 cm3, [SQ,] = 3.6 x 10" cm3,
way of calibration. By rapid successive extractions of these ions [cy;], = 6.4 x 10t cm3, [O] = 4.0 x 102 cmr2. The lines in the
into the flight tube, mass spectra for all species in the reactor upper panel are based on a fit to mass{&9 = (688 + 28) s},
could be acquired simultaneously. The time between two which was multiplied with the calibration constants for £Hand
extraction pulses was chosen to be 48 With the voltages oyerlaid onto mass 30. The linear fit to mass 16 in the lower panel
applied to extraction and acceleration grids of the TOFMS, this 91ves a loss constant for oxygen atoms &fss = 62 s*.
time interval allowed us to cover a mass range of 1 to 150 amu .

. . . ; to a total pressure of about 5 Torr. The experimental gas
without having the heaviest mass of one mass spectrum interfere . llowed to mix for one-half hour before experi-
with the lightest mass in the following spectrum. The observa- mixtures were a . P

. . : ' - ments. The unfocused excimer laser beam was used to photolyze
tion time from the moment the excimer laser fired until the

reaction was completed was typically less than 15 ms corre- fraction of the precursors. Two isotopomers of carbon
: nplet ypically monoxide were produced:?C'80 from the reaction ot?CD;
sponding to 312 individual mass spectra. However, only 12 ms

were usable because at the chosen flow velocity dilution with 10 and™*C°0 from the photolysis of acetone. We ignore
. - - ; ty products from!3C isotopomers. Both CO concentrations were
the fresh mixture set in after that time (see Figure 1). In separate

calibration experiments, temperature profiles along the axis of recorded after every laser pulse from one to thirty pulses, and
P ’ P prott 9 .~ " then after every five pulses between thirty and fifty excimer
the reactor tube were recorded. The maximum local deviation

¢ th lue for the t i : th laser pulses. Three minutes were allowed after every excimer
5r3m € average value for the temperature was not more than,, o pulse for products to mix and thermally equilibrate. The
0.

details of the diode wavelength sweep and detection were given
The concentration of the radical species was varied by previously? In brief, the diode laser was swept over a

changing either the precursor concentrations (acetone6)2  wavelength range covering the two lines with a slow (1 s) linear
x 10> molecules cm®, SO, (2.7-8.3) x 10" molecules  yamp (Figure 2). The diode wavelength was also modulated with
cm™9), or, to a moderate extent, the laser pulse energy betweeng small amplitude sinusoidal voltage and the resulting signals
25 and 30 mJ/cf Under these conditions, 6% to 15% of the were detected using a lock-in amplifier and recorded in a digital
precursor concentrations were photolyzed depending on laserpscilloscope. This arrangement was sufficiently sensitive to
fluence and temperature. Over the investigated temperaturegetect CO concentrations from single excimer laser pulses. 256
range (345925 K) the fraction of acetone photolyzed at \yavelength sweeps of the diode were averaged.

Counts / 150k Sweeps

\
A\Y

Time / ms

constant laser fluence increased by 50% in contrast to @ The wavelength of the diode laser was calibrated using dilute

photolyzed fraction of which decreased by 40%. mixtures of natural abundance CO in Ar and confirmed with
TDLAS. For this experiment, a tubular glass cell (diameter 1:1 abundance mixtures ofl® and G80 in Ar. The 2C160

4 cm, length 129.5 cm) with CaFwindows was filled with line used was the P(17) transition of the= 0 — v =1 band at

each of the premixed binary (acetone/A¥S/Ar) gas mixtures 2073.265 03 cm! and the'2C180 line used was the P(5)



2926 J. Phys. Chem. A, Vol. 106, No. 12, 2002 Fockenberg and Preses

0.00 T rrrrrrerrr T T S experiment were determined by photolyzing acetone only and

found to be less than 105at every temperature. Therefore,

the wall loss rate was henceforth neglected.

] To find approximate expressions for the methyl and form-

aldehyde concentration profiles, the oxygen atom concentration

; 0.054 . was assumed to be independent of all other species (i.e., pseudo
first-order conditions). In addition, the temporal profile of the

l ] oxygen atom concentration was fit to a straight line

[O] =[Olp x {1 = Kss x t}

Although this simplification does not capture all the details of
l I ] the actual profile of the oxygen atoms, it represents the observed

u

Absorption/a

0.10 ’ c*o

linear decay in all experiments adequately (see Figure 1, lower
panel). The precise origin of this linear behavior is not known,
_04125673'2' ----- T ASAPAN but was attributed to heterogeneous reactions on the reactor wall.
| Wavelength / em™ | Numerical integration of reactions—B with rate constants
where they are known and reasonable assumptions where the

rate constants are not known, using accurate initial species

Figure 2. IR absorption spectrum after 50 excimer laser pulses. The
four lines indicated by arrows are due to absorption by, @Product

as determined by comparison with a sample of authentigGCThe concentrations does not predict a precisely linear decay for O
energies of the CED absorptions are calculated to be 2073.237, atoms over the observation time, but yields an initial fast decay
2073.360, 2073.478, and 2073.525¢m followed by a linear decay. The amplitude of the initial fast

. decay is sufficiently small that the assumption of a purely linear
transition of thev = 0 — v =1 band at 2073.489 64 crh’ decay does not lead to serious error. See below.

Room-_tem_perature variations were avoided because the P(17) nder these assumptions, the analytical solution of the
C™0 line is far from the room-temperature peak of the CO ifterential equation is straightforward. Although the differential
rotational distribution { ~ 7), and temperature variations thus equation for the methyl concentration could be integrated
have a large effect on equilibrium rovibrational populations.  girectly, the expression for the formaldehyde concentration was
Acetone and S@ concentrations were chosen, based on 4qopted from the solution to consecutive first-order reactions.

known l?3-nm absorpglon coeff|C|e1rflits, 490 10718 10m2 The time-dependent exponential term was chosen in analogy
ml°|ecgli|0€ for acetoneds® and 6 x 10°*® cn? molecule™* for to the solution for the methyl concentration. Differentiating this
S'0,719 and from the known CPand O atom yields, so that gy pression with respect to time leads to the desired differential
[O]o/[CDs]o ~ 10. equation for formaldehyde proving the validity of oansatz

Experimental Results

[CH4] = [CHy], x ex;{—k’l x T x [1 - k'%ssx t])

Kinetic Analysis. The temporal profiles of the concentrations
of methyl radicals and formaldehyde molecules were assumed

to be governed by a simple reaction mechanism , K
9 v asimp [CH,0] = [CH,Ol g X {exp(—k4 X tx [1—%% t]) -
CH;+ O0O—CH,O0+H (1a) K
exp(—k’1 x T x [1 - x t])}
—CO+H,+H (1b) 2
with
CH,0+ O—OH+ HCO 4)
Ky
HCO+ O — OH + CO (5a) [CHOlnay = [CHo < =
—H+CG, (5b) In these expressions [GH, [CH20]max andk; (=ki x [Olo, ki
. = kia+ kip) were adjusted to fit the experimental data, whereas
HCO—H+CO (6) kiosswas determined directly from the oxygen atom profile. The
CH. — wall loss 7) rate of the reaction 4, (=ks4 x [O]o), was calculated with,
3 = 1.77 x 1071 (T/298 KP5" x exp(-1390 KT) cn?
O— loss 8) molecule’! s71.11 |n every signal profile, the first five mass
spectra after the laser fired were neglected accommodating both
The concentrations of the precursor speciesjfQ@)CH; and the quenching of vibrationally hot methyl radicals and the time

SO,) were chosen so that the oxygen atom concentration waslag required for molecules to travel from the orifice in the reactor
always in excess of the methyl radical concentration resulting wall to the ionization region. The initial oxygen atom concentra-
in [O]o/[CH3]o ratios ranging from 7 to 15. Because reaction 1 tion was calculated from the drop in the $6ignal with a

is very fast, the fate of the methyl radicals was completely photolysis yield of one for this channel. The concentration of
governed by reaction with oxygen atoms. Although reactions 5 methyl radicals was determined from the drop in acetone.
and 6 have no immediate effect on the concentrations of either However, we used an effective yield &, (CHs) = 0.96 for

CHz or CH,O in this mechanism, these reactions were added the channel giving two methyl radicals and one carbon monoxide
to simulate the profiles of all species and establish limits of molecule. This value is a compromise between the primary yield
validity concerning the analysis regarding the CO vyield (see for CHz (®,(CH3) = 0.95) reported by Lightfoot et &k and

below). The wall loss rates of the methyl radicals in the TOFMS the observations made in this laboratory, in which we confirmed
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a second channel leading to ketene,,CB, and methane, CH 1 2 3
(P2(CH2CO) & 0.02)13 In contrast, our data indicated that the 2.2 T T g T
yield for a third channel giving H- CH,C(O)CH; (P(CH,C-

(O)CHs) < 0.01) was far smaller than given by Lightfoot et al. .
Also, secondary photolysis of methyl radicals in the same laser
pulse yields methylene radicals, ghvhose concentration was
unfortunately below our detection limit under our experimental
conditions. However, from the work of Lightfoot et al., as well

as the study mentioned above, we had to assume that a small
fraction (1-2%) of the methyl radicals were photolyzed.
Because the methylene concentration is small compared to the
concentrations of oxygen atoms or methyl radicals, this does 1
not have a measurable effect on the kinetics. ] .

To establish maximum error bounds, the complete mechanism
as shown above was integrated numerically. Because a simple
first-order loss of oxygen atoms on the reactor wall results in
an exponential decay in the oxygen atom concentration, a more
complex wall reaction mechanism was employed consisting of
diffusion to and from the wall plus a heterogeneous reaction
rate. The purpose of this approach was to attempt to duplicate
the observed purely linear decay in the oxygen atom concentra-
tion. The methyl radical profiles for two scenarios were then
calculated for a worst case: [f)ICHs]o = 7, and a pseudo
first-order case: [Q][CH3]o = 400, which corresponds to the
analytical treatment outlined above. The apparent rate constant
obtained from the methyl decay for the first case was only about
10% slower than for the latter. Because this error in the reaction
rate falls well into the range of uncertainty for this experiment,
we chose to analyze the data according to this simplified 4
approach.

For the case of the He discharge, fragmentation of the ionized T T T T T
acetone intan/e = 15 overwhelmed the signal of the genuine
methyl radicals so that only formaldehyde was used in the
kinetic analysis. At this photon energy, the fragmentation of
CH,O" into HCO' was the process with the highest efficiency,
so that th_e analytical Solutlon_ was fitted tc_) the signaa = . by (-+-) and (=), respectively. Half-filled symbols are results from an
29. The fit was checked against the profile of the parent ion, eariier measurement. Filled symbols in the lower panel are for He-
whereby the profiles of the daughter ions were transformed discharge lamp, open symbols are for Ar.
according to the appropriate calibration constants resulting in
profiles for the parent ion that described the actual data very An Arrhenius expression was then fit to the obtained corrected
well for all experiments, and thereby confirming the fit and the rate constants for reaction 1 in the temperature range of
identity of themve = 29 channel as formaldehyde. lonization 354 to 925 K giving (errors ared? see Figure 3)
with the Ar lamp was much more gentle leading to nearly
fragmentation-free spectra, so that the signals for the parent ionsk; .., = (2.4+ 0.3) x 10710
of CHz and CHO were used in the fit. The resulting reaction - 3 11
rates, k;, were then plotted against the initial oxygen atom exp((202++ 60) KIT) cm” molecule s

concentration. Finally, a linear fit to the data gave the rate |t should be noted that this particular fit was done purely for
constant for reaction 1. convenience and is only valid in the observed temperature range,

With the flow velocity chosen in combination with the small  which is too narrow to describe the temperature dependence of
diameter of the reactor tube, the overall pressure along thethis reaction globally. However, the important information is
reactor was not constant so that corrections to the rate constantshat the rate constant of the GH O reaction clearly shows an
had to be made according to the pressure dtdgecause we increase with rising temperature, contrary to previous studies,
measured the pressure at the end of the reactor, the true pressusghich did not detect any temperature dependence.
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Figure 3. Upper panel: Arrhenius plot of the second-order rate

constants for reaction 1. Lower panel: Plot of product yields fop@H
and CO of reaction 1 vs inverse temperature. Average values are marked

at the orifice was slightly higher withP = 5.9 x 1073 x v x

n x Az x R™2, whereAP is the pressure difference in Torr at
the orifice compared to the point of measurement, v is the flow
velocity in cm/s is the bath gas viscosity in g crhs™!, Ris

the tube radius in cm, antizis the distance in cm of the orifice
to the end of the flow tub& In a first-order approximation,
the corrected rate constants can be given kysor = ki x (1

+ AP/P)~116 This lowered all rate constants by roughly 15%
where the increase iNP due to the temperature dependence

The rate constant for the GD+ O reaction was measured
according to the method outlined above at a temperature of 308
K and pressure of 3 Torr (He) using kh the VUV lamp. The
oxygen atom concentration, however, had to be calculated this
time from the increase in SO radicals because acetgred
SO, have the same mass. A similar overlap exists for,GD
and S/Q, whereby sulfur atoms could be either produced in
the photolysis of S@or originate from the fragmentation of
SO ions. Therefore, only the signal from €&buld be analyzed.

of the viscosity was compensated by the increase in total In these experiments, the concentrations of the precursor species

pressureP.

were not changed. The excimer laser energy was adjusted
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Figure 4. Second-order plot of the apparent reaction rates fog €D
O. The line is a linear fit to the data with the intercept set to zero.
Ha-ionization, [Acetonels 4.7 x 102cm 3, [SG,] = 3.3 x 108 cm3,
excimer laser energy 100—280 mJ/pulse, [QJ[CH3]o ~ 10.

instead. Although this increases the likelihood of producing
methylene radicals for the higher pulse energies, the influence
on the CI3 kinetics is still marginal. However, the range of the
oxygen atom concentration covered was limited, which made
it necessary to force the linear fit in the second-order plot
through zero (see Figure 4). After pressure correction the
resulting rate constant was given bip,+o = (1.3 4+ 0.8) x
1071 cm? molecule s71, which is practically the same as for
CHs + O. The large error given here reflects realistically all
the uncertainties in this analysis.

Product Analysis (TOFMS). The yields of two products of
reaction 1, CHO and CO, were analyzed by comparing the
formaldehyde produced with the drop in acetone concentration
or by comparing the two products directly. To convert counts
into concentration, we simply multiplied the measured signal
by the appropriate calibration constants, which were determined
routinely at every temperature. This formalism has been
extensively described in a previous publicatidn.the absence
of any wall loss of methyl radicals, which was generally the
case, the yield of formaldehyde was given by

k
®,(CH,0) = k—lla =
[CH,0].,/(Alacetone]x 2 x @, (CH,))

with
k, — K,
[CH Ol = Tk x [CHOnax
1

Assuming that CO and CI® are the only products of reaction
1, the CO yield can then be calculated from

®,(CO)F %b = [COJ([CQ] + [CH,0]cor)

This implies that the only source for carbon monoxide is reaction
1. Unfortunately, methylene radicals, although undetected, might
contribute CO through the fast reaction’of

CH,+ O—H,+ CO (9a)

—H+ HCO (9b)

Fockenberg and Preses

Even if the yield of channel (9a) were one, this would cause an
increase in the calculated CO vyield by only 10%. Moreover,
methylene radicals could be scavenged by, 8@d probably

SO radicals, although references to this reaction could not be
found. In view of these uncertainties, we are going to present
here the uncorrected values for the CO yield. In addition, HCO
radicals produced in reaction 4 can lead to an additional signal
at mass 28 through fragmentation after ionization or subsequent
reactions with oxygen atoms (reaction 5a). Simulation calcula-
tions using the complete mechanism (see above) showed that
measuring the CO concentration in a narrow intendalQ.5

ms) around the maximum of the GH profile introduces only

a small error in the CO concentratiog §%). However, with

the increased production of HCO radicals in the reaction system
at T = 925 K, the uncertainties in the CO yield do not justify
the use of this value in the further analysis.

Since no trend in the individual product yields with temper-
ature could be detected (see Figure 3 lower panel), only averaged
yields for CHO and CO are being reported here with(CH,O)
= 0.84+ 0.12 and®;(CO) = 0.15+ 0.06 forT = 354 — 925
K. Errors are 2. These results also confirm that formaldehyde
and carbon monoxide are the only dominant carbon-containing
products of reaction 1. In addition, these observations are in
excellent agreement with theoretical calculations published by
Marcy et al. who predicted a CO yield of 0.15 at room
temperature, which only slightly decreases with temperature to
0.13 at 1000 K.

Product Analysis (TDLAS). Recorded signals for the two
CO isotopomers were numerically integrated and converted to
CO concentrations by comparison with absorptions from known
C160/C'0 mixtures acquired by the same method (see Figure
5 upper panel). Because two methyl radicals are produced for
each CO in the photolysis of acetone, the product yield for this
reaction is given by

D 4o(CH0) = [CT*O)2 x [CHO]

Therefore, the shot-by-shot {&]/[C1¢O] ratio was calculated,
multiplied by 1/2, and the resulting points were fitted to a
straight line. Extrapolating the fit to zero laser pulses then gave
the final CO product yield (see Figure 5 lower panel).
Accurate measurement of the CO yield from the reaction
requires that CO not be produced by “dark” reactions between
reactants and/or products in the interval between laser pulses.
The signature of the presence of these unwanted reactions would
be an increase in the® concentration between laser pulses
on a=0.1 s time scale, which is determined mainly by the rate
constant of the CED + O reaction (assumed to be of the same
magnitude as the rate constant for £LH+- O). To verify that
these reactions did not interfere, the diode laser frequency was
locked (in separate experiments) to each of the CO wavelengths
used and the concentration of CO was followed in real time
(using lock-in detection in second-harmonic kvé 1 mstime
constant) after single excimer laser pulses. Pressures used were
similar to those during the yield experiments. Upon irradiation
by the excimer laser, both CO signals rose on a millisecond
time scale, i.e., the CP+ O kinetics could not be temporally
resolved due to limitations set by the lock-in. After mixing was
complete ¢0.01 s), neither isotopomer showed any growth in
its concentration indicating that dark reactions were not
significant under our reaction conditions. Only the accumulation
of reaction products and subsequent reactions (most probably
initiated by CDQO + O — DCO + OD) gave rise to a small
increase in the [COJ-ratio with the number of excimer laser
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T T ¢ no significant differences between the rate constants of the CH

1541 o c'o b + O and CI3 + O reactions, was verified here. However, the

11 & c*®o 1 predicted 13% decrease in the CO yield with temperature could
. not be detected. This might be a consequence of the scatter in

. | our experimental data, which were not precise enough to observe

these small changes.

The accepted mechanism for this reaction involves the initial
formation of a highly energized methoxy complex, §CH, that
undergoes direct dissociation or, presumably, isomerization to
CH,OH followed by dissociation into products. The main
dissociation channel leads to a simple elimination of a hydrogen
atom from the complex giving H+ CH,O with a transition
state about 240 kJ/mol below the energy level of the entrance
channel. The only exothermic channel producing CO also leads
to H, as coproduct. However, electronic structure calculatihs
did not produce any stationary points on the potential surface
that could explain a direct Hoss from the methoxy complex.
Two indirect channels, C¥ — H, + CO and CHOH — H»

+ COH, are either energetically inaccessible or unfavorable
compared to the simple hydrogen loss from 4O and,
therefore, could not give a CO yield as high as observed.
Interestingly, in their trajectory calculations Marcy et al. found
0.104 & . that the energy released in the initial addition of a methyl radical
] to an oxygen atom was sufficient for the reaction to proceed
a directly over the barrier separating @bl from H, + HCO,
: ] where the top of the barrier still is about 120 kJ/mol below the
CHs; + O energy level. Thus, this channel does not proceed
over a transition state at all and conventional transition state
0.05 theory cannot be applied in this case to explain the product
o 10 20 30 40 50 distribution. Other trajectories started out in the direction of a
Laser Pulses simple hydrogen loss but were diverted toward the transition
Figure 5. Upper panel: Absolute CO concentration vs laser pulses state belonging to a hydrogen abstraction from formaldehyde:
for a single experiment. Lower panel:*®0 product yield vs excimer ~ H--+HCHO. This process, called frustrated hydrogen loss, was
laser pulses for five separate experiments. The line is a linear fit to all gttributed to a large orbital barrier prohibiting the hydrogen atom

data points shown as open circles. Points not fit include very low C from leaving the complex. This dynamic effect is smaller for
concentrations where the value of the CO concentration was comparabl ’

to the uncertainty in the measurement and high CO concentrations Wher:heawer atoms, hence the CO yield for the reaction of €D
the influence of secondary chemistry begins to distort the CO IS smaller. For low angular momenta frustrated hydrogen loss
concentrations. was as important as the direct crossing of the barrier in
producing CO. However, direct crossing was the dominant
pulses. The extrapolation of the CO yield to zero laser pulses pathway at highl values.
avoids any interference from this source. With respect to the rate constant of reaction 1, the agreement
Generally, the same considerations regarding secondarywith literature data is not as good. In the most recent experi-
photolysis of methyl radicals have to be made also for this mental studies on the temperature dependence of the rate con-
experiment. Fortunately, the photon density was even less thanstant, Slagle et al. (366900 K- and Lim and Michael (1618
in the TOFMS measurementss0 mJ/crd) so that the 2000 KP° measured a temperature independent rate constant
methylene chemistry can be safely neglected. However, at roomgf k; = 1.4 x 1010 c® molecule’l 1. Moreover, in additional
temperature and a pressure of 5 Torr, :Ci2combination  theoretical calculations on the rate of reaction 1 continuing the
reactions cannot be ruled out. Assuming a rate constant for theyygrk of Marcy et al., Harding confirmed the results of Slagle
recombination being the same as for Oft. = 6 x 107 g [jm2!n light of these findings, the temperature dependence
cns™),17 only 96% of the deuterated methyl radicals react with of k, found here has to be reconsidered carefully. Possible errors
oxygen atoms. Therefore, the observed yield must be multiplied jycjude an increased loss of methyl radicals due to wall
by_ a factor of 1.04 to account for the_missing methy_l ra(_jicals. reactions, which, however, were measured to be negligible at
With the extrapolated value for the yield of 0.114 this gives a || temperatures. Reactions of methyl radicals with species other
corrected yield of®cp,:0(C*%0) = 0.12+ 0.01 (). Thus,  than oxygen atoms would have altered the product yields for
replacing CH with CD; reduces the CO yield by a factor of  cy,0 and CO considerably, which was not detected either.
2/3 compared to the CO yield for the GH- O reaction Systematic errors in the gas flow and the pressure in the reactor
(Pcry+o(CO) = 0.18+ 0.04)? leading to higher precursor concentrations with increasing
temperatures could be ruled out as well. The consequence of
such an error would have been larger calibration constants,
Regarding the absolute CO yield of reaction 1 and its isotope which, however, did not change in the observed temperature
effect, the agreement among the experimental and theoreticalrange. Although the clustering of faster reaction rates on the
studies by Marcy et a@.and the present and previous wbtk  high-temperature side is indicative of the existence of a
in our group is remarkable. In addition, one of the assumptions temperature dependence, it has to be noted that the rate constant
made in the analysis of the experiments of Marcy et al., that is, could also be given by an average value of @&.0.5) x 1071°

[CO} I mTorr

4 opon
4o ol

40 &»
, 4, 0 omy

12 x [C'°0) 1 [C¥0)

Discussion
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cm® molecule s™1, whereby the @ error encompasses all _ (3) Marcy, T. P.; Daz, R. R.; Heard, D.; Leone, S. R.; Harding, L. B.;
measured rate constants. This value would then be in goodXlippenstein, S..JJ. Phys. Chem. 2001 105 8361

agreement with literature dathAssumingk; to be temperature ggg Eg?lf'emsb’efé\’\é;.l‘;;?g’tjh R,;P?)./SH;P eénl g?zMguikﬁ;in 3T

independent is probably a good choice especially for the preses, J. M.; Sears, T. J.; Weston, R. E.RH:. Sci. Instr.1999 70,
temperatures encountered in combustion systems. 3259.

(6) Erman, P.; Karawajczyk, A.; Rachlew-Kallne, E.; Stromholm, C.;
Larsson, J.; Persson, A.; Zerne, Bhem. Phys. Lettl993 215 173.

(7) Guelachvili, G.; Rao, K. NHandbook of Infrared Standards
We have measured the kinetics and product distributions for Academic Press: Orlando, FL, 1986.

the CH; + O(P) reaction between room temperature and 925 (& Rudolph, R.N.;Hall, G. E.; Sears, T.21.Chem. Physl996 105

K us_ing time-of-flight mass spectrometry. The y_ields for the (g,) Golomb, D.; Watanabe, K.; Marmo, F. B. Chem. Phys1962
dominant products C#D and CO were found to be independent 36, 958.
of temperature, but the rate constant increased slightly with _ (10) Manatt, S. L.; Lane, A. L. Quant. Spectrosc. Radiat. Trad€93

: 50, 267.
temperature. We used tunable diode laser spectroscopy to (11) Baulch, D. L.: Cobos, C. J.: Cox, R. A Esser, C.: Frank, P.; Just,

determine the CO yield from CD+ O at room temperature. 1. 'err, J. A, Pilling, M. J.; Troe, J.; Walker, R. W.; Warnatz JPhys.
The measured yields from both experimental techniques wereChem. Ref. Datd992 21, 411.
in excellent agreement with theoretical prediction. 92(}1%)38Lightf00t, P.D.;Kirwan, S. P.; Pilling, M. J. Phys. Chen 98§

: (13) Wang, B.; Fockenberg, @. Phys. Chem. 2001, 105 8449.
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