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The GH + OCP) — CH(A) + CO reaction is investigated using Fourier transform visible emission
spectroscopy. The €R) and GH radicals are produced by simultaneous 193 nm photolysis @80 GH,
precursors, respectively. The nascent vibrational and rotational distributions of the CH(A) product are obtained
under time-resolved, but quasi-steady-state, conditions facilitated by the short lifetime of the CH(A) emission.
The vibrational temperature of the CH(A) product is found to be appreciably hotter 280D K) than the
rotational distributions in the’ = 0 (1400+ 100 K) andy' = 1 (1250+ 250 K) levels. The results suggest

that the reaction may proceed through an electronically excited H@@&mediate; moreover, the vibrational
excitation compared to rotational excitation is higher than expected based on a statistical distribution of energy
and may be the result of geometrical changes in the transition state. The CH(A) emission is also observed in
a GH,/O/H reaction mixture using a microwave discharge apparatus to form O atoms, with subsequent H
atom production. The nascent rotational and vibrational distributions of the CH(A) determined by the microwave
discharge apparatus are very similar to the CH(A) distributions obtained in the photodissociation experiment.
The results support the idea that theHC- O(P) reaction may play a role in low-pressurgHa/O/H flames,

as previously concluded.

Introduction Both of these reactions are important in hot hydrocarbon
The CH(AA) — CH(XII) transition at 430 nm has been flames; however, Devriendt and Peeteshiowed by direct
long identified as a major source of blue emission in hydro- comparison that the room-temperature rate constant of R1 (1.8
carbon rich flames and in8,/O/H atomic flameg. The first x 107* cm® molecule’ s7) is about 500 times greater than
proposed mechanism came from Gay@8mho suggested that  the rate constant of R2 (36 104 cm® molecule* s7%). They
the CH(A) emission is due to the,C+ OH — CH + CO concluded that R1 is the major, if not dominant, source of CH*
reaction. This proposed mechanism was supported by theproduction in hydrocarbon-rich flamés.
observation that the [CH(A)]/[Z[OH] ratio in hydrocarbon Previouslyl® we investigated the CO product of thekC+
flames was independent of several flame parameters. Brenig etO(P) reaction by time-resolved FTIR spectroscopy. The
al4 rejected the above mechanism by showing that no CH(A) branching ratio of the CH(A)/CH(X) channels was inferred to
production can be observed in systems containipg@ OH be relatively large (60%) compared to estimates from previous
in the absence of O atoms. Several gréupsuggested that  kinetic measurements (8%} In addition, the vibrational
the O atoms play an essential role in the CH(A) production, djstribution of the CO product shows a slight inverted behavior,

which could be explained by the following reaction suggesting preferential disposal of energy into the vibrational
degrees of freedom for both the CH(X) and CH(A) channels.

R1 This paper investigates the dynamics of the R1 reaction via the

CH+ O(3P)—> CH(A) + CO CH(A) product by FTVIS emission spectroscopy. Th#i@nd

O(P) radicals are generated by photodissociation sf&and
(—11 keal/mol,~46 kJ/mol) SO, precursors, respectively. At low pressures, fitting the
— other channels CH(A) product spectra allows the extraction of nascent vibra-
tional and rotational populations of the CH(A) product. From
Similar to the above reaction, the ethynyl radical can also react the relatively high vibrational excitation of the CH(A), the results
with molecular oxygen resulting in CH(A) as first suggested suggest that the transition state geometry may play an important

by Renlund et a$:?° role in determining the final product state distribution. In
addition, the conditions present in low-pressurgH&0O/H
R2 flames are simulated using a microwave discharge apparatus.

. _ . Under similar conditions to the photodissociation experiment,

CH + O, =~ CH(A) + CO, (19 keal/mol, =80 kJ/mol) the nascent CH(A) rotational and vibrational distributions from
— other channels the microwave discharge experiment are obtained. The CH(A)

distributions from the microwave discharge experiment are

*To whom correspondence should be addressed. E-mail: sri@ Very Similar to the CH(A) distributions from the photo-
berkeley.edu. dissociation experiment, in agreement with a previously
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Figure 1. (a) Simplified schematic of the time-resolved FTVIS apparatus used in this study. The gas is introduced through an effusive source (b)
perpendicular to the plane of the schematic at the middle of the vacuum chamber. The excimer laser beam path is indicated by a dashed line. (c)
Microwave discharge reactor: the 3] atoms are generated in a microwave discharge from a flows @h@ combined with the &1, flow in the
observation zone of the FTVIS.

proposed mechanigmfor the CH(A) formation in GH,/O/H with the flow of GH,. The acetylene flow is kept relatively
flames. We propose that the obtained nascent distribution of low compared to the ©flow so the flow does not become
CH(A) may be used to follow the formation o£B radicals in divergent.

low-pressure flames. For the photodissociation experiment, theHCradicals
) . are generated by 193 nm photolysis of acetylene (99.6%), which
Experimental Section is purified by an activated carbon trap in order to remove the

residual acetone stabilizer from theH; reagent flow. The
trap is evacuated overnight before each experiment to ensure
efficient removal of the acetone. 193 nm photolysis of
the residual acetone would produce vibrationally excited CO

The experimental apparatus is described in detail else-
wherel®12 and only a brief description is given here. The
experimental setup (Figure 1a) consists of a vacuum chamber,
FTVIS spectrometer, and a 193 nm ArF excimer laser. The

} s ; !
vacuum chamber contains the fast flow reactor (Figure 1b) made(%(y,0 yield of tqtal COJ® For these expenr.nents: operating
of a stainless steel tube about 1 cm in diameter, where the!N® instrument in FTIR mode, no CO(v) signal is observed

precursor molecules (SGind acetylene) are introduced into from the phgtolysis of residual acetong during the experiments.
the chamber. The flow of SOand acetylene mixture is 1 he OfP) is produced by photolysis of $Qanhydrous,
intersected with the excimer laser beam focuseal 1 cn? spot. 99.98%) or microwave discharge o (99.998%). Pressure is
The SQ and GH; flows are 120 and 180 sccm, respectively. measured using capacitance manometers. The gas flows are
An Ar flow, which is introduced at the windows, is helpful to regulated by needle valves and measured by standard mass flow
keep the windows clean and to confine the reagent flows in the Meters.
observation region, increasing the collisions betwegd énd
O radicals. The energy of the laser beam is kept below 60 mJ/Results and Discussion
pulse/cn to lower the probability of multiphoton processés. ) o ) )
The visible emission of the reaction is collimated and focused ~Photodissociation Experiment.In this study, the CH(A)
on the FTVIS spectrometer. The interferometric detection Product of the GH + O(P) reaction is studied. The radicals
requires limiting the field of view to enhance the spectral ~are generated by 193 nm photodissociation o &d GH>
resolution of the FTVIS. This is achieved by placing an iris in molecules. Figure 2 shows the laser power dependence of the
front of the FTVIS, which also helps reduce the stray light. CH(A) fluorescence and a SOluorescence sign#l taken
The FTVIS detection uses a blue-sensitive photomultiplier tube. separately in the absence oft&, both acquired through a 430
Interference filters (e.g., 430 nm) are used to enhance thenm interference filter. The CH(A) signal is quadratic (Figure
sensitivity of the FTVIS apparatus and to speed up the data2a), as expected from thel@ + O(P) reaction. As a reference,
collection time by reducing the number of points in the the laser power dependence of the,$Gorescence during the
interferograms? The spectra are normalized by the instrument SO, predissociation at 193 nm is shown in Figure 2b, which
response function determined from the emission of a known indicates a linear dependence. The,$strongly dissociated
calibration lamp. with 193 nm excitation, however, a small portion of the
The microwave discharge apparatus is identical to the electronically excited SOmay emit back to the ground state
apparatus described previouslyand it is very similar to the by fluorescence. It is also possible that the recombination of
photodissociation apparatus above, with the exception of the SO with O can produce electronically excited,S®hich
using a microwave discharge reactor to generate O atoms fromwould also relax through fluorescence, but the power depen-
0O, molecules. Figure 1c shows the reactor used in the dence of that process is expected to be quadratic. The SO
microwave discharge experiments. The microwave dischargefluorescence is much weaker at 430 nm, because theiSO
of oxygen molecules takes place in a quartz tube, efficiently strongly predissociating at excitation wavelengths shorter than
producing OFP) atoms. The GP) atoms are mixed downstream 210 nm to produce GP) and SO. In addition, the SO
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—————T——— CH(A) emission at early times and later times is identical,
suggesting a quasi-steady-state equilibrium between the pro-
duction of CH(A) and the removal of CH(A), whereby the
state distribution is unchanging due to the short radiative
lifetime.

To extract populations from the spectral data, two main
conditions are sought. First, the spectrum observed from a
photodissociation process, or from a reaction such as thie C
-+ O(CP) reaction, has to be nascent. Second, the populations of
a particular transition in the product should not be influenced
by intramolecular processes such as predissociation. Under the
experimental circumstances, both of these conditions are valid
for reasons described below.

The time-resolved signal in Figure 3 shows no indication of
rotational relaxation. While this result is not definite proof for
the absence of rotational relaxation, since the observed CH(A)
is a result of quasi-steady-state conditions between collisions
that produce the reaction and the collisions leading to relaxation,

0 20 40 60 80 estimates suggest that the product state results are not relaxed.

Previous studiég18show that after photolysis the initial amount
Laser power of C;H(A) and the vibrationally hot gH is less than 50%. The

Figure 2. (a) Power dependence of the CH(A) signal taken with an actual observed fraction of CH(A) from,B(A) + O(P) may
!233_‘2;’:;0; f”:ﬁg E;?éjalﬁearfzgi)“epdowgt‘ ":‘j g"gﬁfe%‘ézdgafti?hfungg” be much lower for several reasons. The exothermicity of the
indi id line. Wi * : .
quorescencZ taken with the same interfere%ce filter WithogizlzC regctlon (GH(A) + O(P)) would be a.bout.4000 crh higher,
introduced. The data are fitted with a simple linear function indicated WHich is enough to access other vibrational states, such as
by the solid line. CH(A) (v' = 2), which are predissociated, and even other
electronic states, CH(B). The contributions of these states would
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0.8 — - lower the probability of forming CH(A) in the’ = 0 andy' =
CH(A) 1 levels, which are the only ones reported here for thid €
R O(P) reaction. Also, it is unlikely that the excess energy of
__ 06 ‘ SO, CzH* would selectively result in vibrational excitation of the
5 1000 ns CH(A) but not rotational excitation. If one assumes a 1010
8 800 ns cm?® molecule'* s~ hard sphere collision rate for relaxation and
> 045 T takes into consideration that the total pressure is about 100
2 ; 600 ns mTorr (13 Pa), then the average time between collisions is
2 o2k Wl 400 approximgtely us. The emission lifetime of the CH(_A_) state
e u Uy ns (537 ns) is much shorter than the hard sphere collision time,
i il /™ 200 ns therefore>99% of the emission from CH(A) can be considered
0.0 0ns nascent. There is a simple analogy between time-resolved
) photodissociation experiments and the present experiment with
22;300 23500 23(‘;00 24000 regard to determining nascent product distributions. In a typical

photodissociation experiment, the emission of the product is

wavenumber time gated after the laser pulse to eliminate the part of the

Figure 3. Time-resolved visible emission spectra of the CH(A) from product emission that originates from molecules that collide
the GH -+ O(P) reaction process. The total pressure is 100 mTorr (13 |o1or |y the present experiments, collisions are essential to

Pa) with the balance due to Ar in the detection volume of the instrument. . . .
The laser fluence is 60 mJ cpulse. The data are taken at 4 cin observe the chemiluminescence from reaction products. Instead

spectral and 250 ns temporal resolution. For better comparison, theOf gating the emission to the laser, the lifetime of the CH(A)
data from 256-1000 ns are normalized to the area in the spectrum. acts as an internal gate for the detection of the CH(A) reaction
The dashed line indicates the initial appearance of theflB@rescence. product. The ratio of the emission lifetime of the CH(A) product
Both spectral features are convolved with the transmission curve of a gnd the average time between collisions (pressure) determines

430 nm interference filter. how close the observed CH(A) emission states are to nascent.

fluorescence is detected at the red edge of the &@ission The CH(A) spectrum consists of three main branches (P, Q,
band. and R), which are split by spirorbit splitting andA doubling?®
The time evolution of a low-resolution (4 c visible The experimental spectrum in Figure 3 only shows the Q and

spectrum of the CH(A) species from theHC+ O(P) reaction R branches. In this experiment, an interference filter is used,
is presented in Figure 3. The spectra are taken every 200 nswhich does not transmit the entire CH(A) spectrum at frequen-
and normalized to the area to allow a comparison of the spectracies corresponding to the P branch. The separation due to
taken at different times. A broad, unresolvable spectral feature doubling is approximately 0.1 ¢y, which could not be resolved
appears during the first 200 ns, which is due to the, SO in this experiment. Each line in the R branch is split due to the
fluorescence from the excitation of $OThe spectral feature  spin—orbit splitting mentioned before. The spinrbit splitting
disappears within 200 ns, which agrees very well with the is easily observed in the R branch under higher resolution
instrument-response-limited emission lifetime of 80In (Figure 4). The rotational populations are not affected by
addition, this spectral feature is present without the addition predissociation if the rotational quantum numbgis less than

of the GH precursor (GH,) to the photolysis mixture. The 23 for s/ = 0 and less than 22 far = 1.0
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Figure 4. (a) Experimental and simulated spectrum of the CH(A) froshl G O(P) using the effusive reactor in Figure 1b and the time-resolved
apparatus. The data are taken with the high-sensitivity photomultiplier tube at 0*&pectral resolution and2s time delay after the laser pulse.

The total pressure is 100 mTorr (13 Pa) with the balance due to Ar in the detection volume of the instrument. The laser fluence isT80 mJ cm
pulsel. The simulated spectrum is inverted for better visibility. The experimentally determined nascent rotational distribution (solid circles) of

CH(A) from C;H + O(P) is shown for’ = 0 (b) and2’ = 1 (c). The solid line indicates the fitting of the experimental nascent distribution with
a Boltzmann distribution. The rotational temperatures are found to be 4000 K and 1250t 250 K. The vibrational temperature is 2880

100 K.

The rotational and vibrational populations are derived by for the production of gH radicals at room temperature also

minimizing the error functionKero) between a fitting function
(f) and the entire experimental spectruRy, in Figure 4.

Feror= [Foaa— J ., (O DOt — D" de]® (1)
The fitting function is generated from known molecular
constantg? calculated Hal—London factorg! and Franck
Condon factor® of the A—X transition of the CH radical
indicated byp; in the equation. The fitting function is convolved
with the instrument response functiog).(Input parameters of
the fitting function () are the vibrational populations of the
CH(A) and the individual rotational populations of each
vibrational level. The details of constructing the fitting function
have been described previoudiyThe results of the population
distributions in Figure 4 are discussed further below.
Microwave Discharge Experiment. It is well-known that
in low-pressure eH,/O/H flames there is a significant amount
of CH(A) present, which has been attributed to thelG- O(P)
reaction®23 The formation of GH in these types of flames can
be understood by the following mechanis:

(0] C.H,

H
C,H, CH,(®B;) — CH(r) — C;H, —= C,H

‘_(i T y
H
HCCO— CHy('A;)

The above mechanism is not chemically balanced; it only
indicates the reaction pathways for the formation gfi€adicals
taken directly from the literatur&. The bottleneck for the
formation of GH is the formation of the ground-state CH
radical. The ground-state CH radical can be formed efficiently

require the presence of H atoms, which are formed through
various processéssuch as

CH,+0O0—HCCO+H
=9.04x 10 ~“cm  molecule”s™
(k=9.04x 10 **cm’® molecule*s ™)
HCCO+ O—2CO+H
(k=1.03x 10 *°cm® molecule*s ™)
CH,(°B,) + O— CO+ 2H
(k=7.08x 10 **cm® molecule*s™)

CH,(*A,) + O— CO+ 2H
(k=1.3x 10 *cm® molecule*s ™)

It has to be pointed out that,8 radicals can be produced in
the absence of H atortfsas well, through the following steps

HCCO+ O—CH+ CO,
(k=8 x 10 **cm® molecule * s}
CH + C,H, — CH, + H
(k=2 x 10 *°cm® molecule* s ™)
CH,+O—C,H+H+CO
(k=6.9x 10 " cm® molecule *s™)

The relative importance of the pathways varies with experi-
mental conditions, but previous studies sugfetite latter
mechanism is important in low-temperaturgHz/O/H flames.

In our experiment, O atoms are generated via microwave

via two different pathways as indicated above. Some pathwaysdischarge of oxygen molecules and reacted witfHLto



10650 J. Phys. Chem. A, Vol. 109, No. 47, 2005 Chikan and Leone

b) c)
Vib
—~ = +
T ol | oal Tv=w=o 3050150 K )
S
= v'=1
=
> 0.01} {0.01}
>
c
T . =1600+50 K T, =1150%150 K
1E-3 L V=0 , L L s 1E-3 s y'=0 s L
0 1000 2000 3000 4000 5000 O 1000 2000 3000 4000 5000
a) Rotational Energy / cm™ Rotational Energy / cm™
12 F T T T T T T ]
3 Qbranch experiment
—~ 08 | ]
3 L R branch
S o4l P branch i
b L
‘@ 00 F u
[
s C
€ -04p
08 simulation 7
L " 1 " 1 " " 7]
22800 23200 23600 24000

wavenumber / cm™
Figure 5. (a) Experimental and simulated spectrum of the CH(A) froshl & O(P) using the microwave discharge reactor in Figure 1c. The flow
rates of Q, C;H», and Ar are 1000, 100, and 200 sccm, respectively,@tudal) = 150 mTorr (20 Pa). The data are taken with the high-sensitivity
photomultiplier tube at 0.8 cm spectral resolution. The simulated spectrum is inverted for better visibility. The experimentally determined nascent
rotational distribution (solid circles) of CH(A) from 8 + OCP) is shown for’ = 0 (b) and’ = 1 (c). The solid line indicates the fitting of the
experimental nascent distribution with a Boltzmann distribution. The rotational temperatures are found to #e506RGnd 1150+ 150 K. The
vibrational temperature is 3058 50 K.

simulate the conditions present in theHz/O/H flames. Figure different amount of initial vibrational and electronic excitation

5 shows the observed CH(A) spectrum from the reaction,BbC  of C,H in the photolysis experiment, slight differences in
with microwave discharge generated O atoms under low- pressures (different rotational and vibrational deactivation, if
pressure conditions~150 mTorr, 20 Pa). It is assumed that any), and the possibility that some portion of the CH(A) may
the GH is generated according to the above pathways and it be the result of another reaction, such aslG O,. The GH
reacts with O atoms resulting in the CH(A) emission. The + O, reaction does occur; however, the room-temperature rate
mechanism has been confirmed at 60F*Khut a similar coefficient of this reactiohis 500 times less than that ot&
mechanism is expected at room temperature as avdlhe + O(P). The contribution of the £ + O, reaction could be
CH(A) emission is observed only after 1 cm downstream from comparable depending on the O atom der&ityhe exother-

the initial mixing of GH, and O atoms, which supports the micity of the GH + O reaction is, however, about two times
idea that the gH is only formed in a later step such as the greater than g+ + O, which might result in higher rotational
mechanisms presented above. The pressure is low enough t@nd vibrational temperatures. On the other hand, the other
obtain the nascent (or close to nascent) rotational and vibrationalproduct of the GH + O, reaction is C@, in contrast to the CO
distributions of the CH(A) product (see argument in previous product in the GH + O reaction. The C®could lead to a
section). In addition, several low-resolution (4 Thspectra smaller average energy partitioned into the CH(A) product based
were taken at varying total pressures (800 mTorr). The on simple equipartition considerations (£as more degrees
change in the total pressure is achieved by introducing more of freedom than CO). Given these ambiguities, it is unlikely
Ar buffer gas, and this does cause deactivation of the higher that a more detailed comparison of the photodissociation and
rotational states at higher pressures. In the microwave dischargemicrowave experiments is valuable. Therefore, the dynamical
experiment at pressures lower than 150 mTorr total, no results are discussed primarily in the context of the time-resolved
significant CH(A) emission is observed. photodissociation measurements.

The analysis of the vibrational and rotational populations of  Dynamics of the CH(A) Channel of the GH + O(3P)
CH(A) from the microwave experiment shows that the rotational Reaction. The HCCO (ketenyl) radical has been previously
temperatures in theg = 0 ands' = 1 states are 1608 100 K suggested as the most likely reaction intermediate for the
and 11504 150 K, respectively. The CH(A) from the laser- C,H + O reactiorf” To understand better the dynamics of the
excited photodissociation experiment has similar values C;H + O reaction, several models are considered: first, an
(1400+£100 K and 1250+ 200 K, respectively), although the  impulsive model” where the energy is released between the
average fraction of energy channeled into rotation is a little less. CC bond and is deposited into translation, vibrations, and
The comparison of the vibrational temperatures of these two rotations determined by the geometry of the intermediate and
experiments also shows a similar trend (38580 K microwave reduced masses of the fragments and second, a simple statistical
vs 2800+ 100 K photodissociation). The results corroborate model, in which all the energetically allowed states are equally
that the CH(A) emission from the photodissociation experiment probable. Deviation from a statistical distribution can be
and the CH(A) emission from the microwave discharge experi- attributed directly to dynamical effects of the reaction. These
ment come from the same processHCG- O(FP)). The slight two models represent the two ends of the spectrum between
differences can probably be attributed to factors such as thethe complete randomization of available energy between dif-
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ferent degrees of freedom vs the localization of available TABLE 1: Results of Experiments and Models for the
energy into a particular degree of freedom. The results below Partitioning of Energy for the C,H + O Reaction

show that neither of these models sufficiently describe the impulsive model (cm?)

dyna_m|cs O_f the_ gH + O reaction, and a _th'rd model 'S_ y =180, x=090°, statistical direct count experiment

considered, in which the bond length changes in the intermediate ¥ =180 %' =90° (cm?) (cm™h) (cm™h)

vs the f!nal products could also affect the observed product [ «cHo 2353 2353 1092 1335

distributions. [Evin(CH)O 196 0 728 242 54@ 20
For the impulsive model, an HCCO intermediate is assumed. [Ero(CH)O 0 196 728 890 90&- 50

The linear momentum of the dissociating CC bond is released EmandCOJJ 1092 1092 1092 1335

[ lation, vibration, and rotation of the fragments without =/>(COE 1457 9 728 405 (1308)

Into trans , : g [Ero(CO)YJ 0 1457 728 890

reaching equilibrium in their internal degrees of freedom. The

departing C atoms undergo inelastic collisions with the rest of would result in the average fraction of enerd¥ (J disposed
the molecule, which result in energy transfer. The model usesinto a particular degree of freedom

simple classical mechanics based on torques and forces to

estimate the relative distribution of energy among the different [EO= z EiPO(Ei;E) (7
internal degrees of freedom. The translational energy released T

(Errang into the fragments from the total available energy(

= 5100 cn1! if the CH(A) state is formed) is the ratio of the In these calculations, a rigid rotor, harmonic oscillator ap-
reduced masses of C and )Y and the reduced mass of the proximation is used. This approximation is considered good in

fragments CH and CQuf) given by this particular case, since only a feiwalues can be populated
and at these lower vibrational levels the contribution of
Ug anharmonicity is negligible. The results from both statistical

ETrans=;fEAvl 2) models and the impulsive model for two different HCCO

geometries, along with the experimentally determined values,
fare summarized in Table 1.
The experimental average energy for CH vibration is obtained
by multiplying the vibrational population in' = 1 by 2930
cm~1, which would result in 540 crrit since only two vibrational
levels are accessible. Notice that the experimental vibrational
I, temperature is 2800 K, but this does not result in a value of
Evi, = (1 - —) Eny COS 1 3) 1940 cn?! because of the limited set of levels. This simple
M calculation demonstrates that the direct count does not achieve
the same energy predicted by the equipartition theorem. The
Erot=[1— Ha E Sinzx (4) other experimental values are calculated in a similar way.
of A The experimentally determined rotational population of CH
shows remarkably good agreement with the statistical prediction
Similar equations will apply to the CO fragments as well. A (900 cnt!vs 890 cn1l), which strongly suggests that the HCCO
more rigorous explanation of the model can be found in complex exists long enough that the vibrational modes of HCCO
Trentelman et &’ and the resulting rotational energy in the fragments may be
The statistical model is based on the equipartition theorem. completely randomized. The vibrational populations show a
The translational degrees of freedom cafykT, and the strong deviation from the statistical based on direct count (540
vibrational and rotational degrees of freedom cdlyin the cm~1 vs 242 cnrl), which could indicate a dynamical aspect
case of a diatomic. The total energy is equal to of the GH + O(®P) reaction. Comparison of the vibrational
3 and rotational energy disposal from the impulsive model at
— _9° several different angles suggests that this model cannot account
Erotal = Errans + Erot + Evin =3 KTHKTHKT () for the relatively Iagrge engergy content of the vibrational or
rotational degrees of freedom of the CH fragment. This
The classical equipartition theorem assumes that the energy levetomparison is independent of the geometry of the HCCO
spacing is much smaller than the available energy, which is fragment. The explanation for this is simply that the CH has a
not correct in this experiment. The total available energy is 5100 small reduced mass, therefore, the efficiency of energy transfer
cm*, which is comparable to the vibrational spacing of CH from the bond dissociation into the internal degrees of the CH
(2930 cnt?) and CO (2169 cm'). Results that are more s negligible. This is also seen in the table, which indicates the
accurate can be obtained by direct counting of the available small internal energy (196 cr) channeled into the CH if the

The rest of the energy is distributed into the internal degrees o
freedom. The ratio of the rotationdtg,y) vs vibrational Evip)
energy release is a function of the angi® hetween the CC
bond and CH bond.

stateg® The prior probability distribution RYE;E)) of a impulsive model is used. A similar argument can be made for
particular internal degree of freedom for a general case can bethe CO fragment, however, the reduced mass of the CO is much
described by the following equation larger and the impulsive energy release, in principle, could
account for the large vibrational energy release. The vibrational
glE — E]"? energy release of the CO for thekC+ ORP) reactiof® was
PEE=—"—"— (6) determined from the nascent IR emission spectrum of CO. It
z glE - Ei]1/2 has to be pointed out that the determination of the average
I

energy disposal into CO in that experiment may contain a large

error, because the ground-state population of the CO is not
whereE is the total available energ¥g,; is the energy of the known, but it is extrapolated from the higher vibrational levels.
vibration or rotation of the fragments, aggdis the degeneracy  The poor fit of the results of the models for CH(A) may suggest
factor. Taking the average of the individual valuesP&(E;; E) that the relatively high vibrational energy content of the CH
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A tional distribution of CH(A) observed here suggests that there
. . ... Available energy from C,H + O(P) Reaction is still a bound intermediate involved, which would make the
E linear C state or bent Bstate of the HCCO the most likely
CHA(4) + CO electronically excited states for the production of CH(A) from
the GH + O(®P) reaction.

The photodissociation of HCCO at 266 #imneveals that the
resulting CH(X) is rotationally highly excited. In that experi-
ment, the excitation takes place in thes@ite of the HCCO but
with insufficient energy to result in electronically excited
CH(A). In addition, the absorption spectrum of thestte of
HCCO shows broadening at energies higher than 4.3 eV due to
the predissociation of the HCC®This suggests that the bound
B state (bent BA') of the HCCO can couple mainly to the
CH(X) + CO exit channel in agreement with the observation
of the rotationally hot CH(X) produc® Finally, there is the
spin-forbidden CH(a)+ CO channef?35 but the significance
of this channel is less at high energies in these experiments.

This study shows that the CH(A) fluorescence is a suitable
probe to obtain detailed information about the state-resolved
dynamics of the gH + O(®P) reaction using FTVIS spectros-
copy. Comparison between experiment and theory suggests that
the lifetime of the HCC® reaction intermediate may be

R(HC_CO) / A sufficiently long to allow the randomization of available energy,

] ) R ) however, the preferential vibrational energy disposal of tit¢ C
Figure 6. Simple scheme of the adiabatic potential energy surfaces | osp) reaction into the CH(A) vibrations may be due to bond
gi?%ﬁ;ﬁé?ggmz %;?S;esgggg gﬂoﬁggimdé%a;rg the possible length changes in the tra}nsition state. To clarify the mechanism

of the GH + O(®P) reaction further and to resolve the possible
fragment may be the result of other factors such as the geometrydiscrepancies, studies of the photodissociation of the HCCO
changes in the transition state to the final products. radical at higher excitation energies will be valuable.

Theoretical calculations of the ketenyl radicals show that the
CH bond distance in the different electronic states ranges Acknowledgment. This work has been supported by the U.S.
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for the preferential energy release into vibrations. If the barrier
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