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The C2H + O(3P) f CH(A) + CO reaction is investigated using Fourier transform visible emission
spectroscopy. The O(3P) and C2H radicals are produced by simultaneous 193 nm photolysis of SO2 and C2H2

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 (2800( 100 K) than the
rotational distributions in theV′ ) 0 (1400( 100 K) andV′ ) 1 (1250( 250 K) levels. The results suggest
that the reaction may proceed through an electronically excited HCCOq intermediate; 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 C2H2/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 the C2H + O(3P) reaction may play a role in low-pressure C2H2/O/H flames,
as previously concluded.

Introduction

The CH(A2∆) f CH(X2Π) transition at 430 nm has been
long identified as a major source of blue emission in hydro-
carbon rich flames and in C2H2/O/H atomic flames.1 The first
proposed mechanism came from Gaydon,2,3 who suggested that
the CH(A) emission is due to the C2 + OH f CH + CO
reaction. This proposed mechanism was supported by the
observation that the [CH(A)]/[C2][OH] ratio in hydrocarbon
flames was independent of several flame parameters. Brenig et
al.4 rejected the above mechanism by showing that no CH(A)
production can be observed in systems containing C2 and OH
in the absence of O atoms. Several groups5-7 suggested that
the O atoms play an essential role in the CH(A) production,
which could be explained by the following reaction

Similar to the above reaction, the ethynyl radical can also react
with molecular oxygen resulting in CH(A) as first suggested
by Renlund et al.8,9

Both of these reactions are important in hot hydrocarbon
flames; however, Devriendt and Peeters6 showed by direct
comparison that the room-temperature rate constant of R1 (1.8
× 10-11 cm3 molecule-1 s-1) is about 500 times greater than
the rate constant of R2 (3.6× 10-14 cm3 molecule-1 s-1). They
concluded that R1 is the major, if not dominant, source of CH*
production in hydrocarbon-rich flames.6

Previously,10 we investigated the CO product of the C2H +
O(3P) reaction by time-resolved FTIR spectroscopy. The
branching ratio of the CH(A)/CH(X) channels was inferred to
be relatively large (60%) compared to estimates from previous
kinetic measurements (8%).6,11 In addition, the vibrational
distribution of the CO product shows a slight inverted behavior,
suggesting preferential disposal of energy into the vibrational
degrees of freedom for both the CH(X) and CH(A) channels.
This paper investigates the dynamics of the R1 reaction via the
CH(A) product by FTVIS emission spectroscopy. The C2H and
O(3P) radicals are generated by photodissociation of C2H2 and
SO2 precursors, respectively. At low pressures, fitting the
CH(A) product spectra allows the extraction of nascent vibra-
tional and rotational populations of the CH(A) product. From
the relatively high vibrational excitation of the CH(A), the results
suggest that the transition state geometry may play an important
role in determining the final product state distribution. In
addition, the conditions present in low-pressure C2H2/O/H
flames are simulated using a microwave discharge apparatus.
Under similar conditions to the photodissociation experiment,
the nascent CH(A) rotational and vibrational distributions from
the microwave discharge experiment are obtained. The CH(A)
distributions from the microwave discharge experiment are
very similar to the CH(A) distributions from the photo-
dissociation experiment, in agreement with a previously
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R1

C2H + O(3P) f CH(A) + CO

(-11 kcal/mol,-46 kJ/mol)

f other channels

R2

C2H + O2 f CH(A) + CO2 (-19 kcal/mol,-80 kJ/mol)

f other channels
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proposed mechanism6,7 for the CH(A) formation in C2H2/O/H
flames. We propose that the obtained nascent distribution of
CH(A) may be used to follow the formation of C2H radicals in
low-pressure flames.

Experimental Section

The experimental apparatus is described in detail else-
where,10,12 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
vacuum chamber contains the fast flow reactor (Figure 1b) made
of a stainless steel tube about 1 cm in diameter, where the
precursor molecules (SO2 and acetylene) are introduced into
the chamber. The flow of SO2 and acetylene mixture is
intersected with the excimer laser beam focused to a 1 cm2 spot.
The SO2 and C2H2 flows are 120 and 180 sccm, respectively.
An Ar flow, which is introduced at the windows, is helpful to
keep the windows clean and to confine the reagent flows in the
observation region, increasing the collisions between C2H and
O radicals. The energy of the laser beam is kept below 60 mJ/
pulse/cm2 to lower the probability of multiphoton processes.13

The visible emission of the reaction is collimated and focused
on the FTVIS spectrometer. The interferometric detection
requires limiting the field of view14 to enhance the spectral
resolution of the FTVIS. This is achieved by placing an iris in
front of the FTVIS, which also helps reduce the stray light.
The FTVIS detection uses a blue-sensitive photomultiplier tube.
Interference filters (e.g., 430 nm) are used to enhance the
sensitivity of the FTVIS apparatus and to speed up the data
collection time by reducing the number of points in the
interferograms.14 The spectra are normalized by the instrument
response function determined from the emission of a known
calibration lamp.

The microwave discharge apparatus is identical to the
apparatus described previously,12 and it is very similar to the
photodissociation apparatus above, with the exception of
using a microwave discharge reactor to generate O atoms from
O2 molecules. Figure 1c shows the reactor used in the
microwave discharge experiments. The microwave discharge
of oxygen molecules takes place in a quartz tube, efficiently
producing O(3P) atoms. The O(3P) atoms are mixed downstream

with the flow of C2H2. The acetylene flow is kept relatively
low compared to the O2 flow so the flow does not become
divergent.

For the photodissociation experiment, the C2H radicals
are generated by 193 nm photolysis of acetylene (99.6%), which
is purified by an activated carbon trap in order to remove the
residual acetone stabilizer from the C2H2 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
(98% yield of total CO).15 For these experiments, operating
the instrument in FTIR mode, no CO(v) signal is observed
from the photolysis of residual acetone during the experiments.
The O(3P) is produced by photolysis of SO2 (anhydrous,
99.98%) or microwave discharge of O2 (99.998%). Pressure is
measured using capacitance manometers. The gas flows are
regulated by needle valves and measured by standard mass flow
meters.

Results and Discussion

Photodissociation Experiment. In this study, the CH(A)
product of the C2H + O(3P) reaction is studied. The radicals
are generated by 193 nm photodissociation of SO2 and C2H2

molecules. Figure 2 shows the laser power dependence of the
CH(A) fluorescence and a SO2 fluorescence signal16 taken
separately in the absence of C2H2, both acquired through a 430
nm interference filter. The CH(A) signal is quadratic (Figure
2a), as expected from the C2H + O(3P) reaction. As a reference,
the laser power dependence of the SO2 fluorescence during the
SO2 predissociation at 193 nm is shown in Figure 2b, which
indicates a linear dependence. The SO2 is strongly dissociated
with 193 nm excitation, however, a small portion of the
electronically excited SO2 may emit back to the ground state
by fluorescence. It is also possible that the recombination of
the SO with O can produce electronically excited SO2, which
would also relax through fluorescence, but the power depen-
dence of that process is expected to be quadratic. The SO2

fluorescence is much weaker at 430 nm, because the SO2 is
strongly predissociating at excitation wavelengths shorter than
210 nm to produce O(3P) and SO. In addition, the SO2

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 O(3P) atoms are generated in a microwave discharge from a flow of O2 and combined with the C2H2 flow in the
observation zone of the FTVIS.
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fluorescence is detected at the red edge of the SO2 emission
band.

The time evolution of a low-resolution (4 cm-1) visible
spectrum of the CH(A) species from the C2H + O(3P) reaction
is presented in Figure 3. The spectra are taken every 200 ns
and normalized to the area to allow a comparison of the spectra
taken at different times. A broad, unresolvable spectral feature
appears during the first 200 ns, which is due to the SO2

fluorescence from the excitation of SO2. The spectral feature
disappears within 200 ns, which agrees very well with the
instrument-response-limited emission lifetime of SO2*. In
addition, this spectral feature is present without the addition
of the C2H precursor (C2H2) to the photolysis mixture. The

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 the C2H
+ O(3P) 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,
estimates suggest that the product state results are not relaxed.
Previous studies17,18show that after photolysis the initial amount
of C2H(A) and the vibrationally hot C2H is less than 50%. The
actual observed fraction of CH(A) from C2H(A) + O(3P) may
be much lower for several reasons. The exothermicity of the
reaction (C2H(A) + O(3P)) would be about 4000 cm-1 higher,
which is enough to access other vibrational states, such as
CH(A) (V′ ) 2), which are predissociated, and even other
electronic states, CH(B). The contributions of these states would
lower the probability of forming CH(A) in theV′ ) 0 andV′ )
1 levels, which are the only ones reported here for the C2H +
O(3P) reaction. Also, it is unlikely that the excess energy of
C2H* would selectively result in vibrational excitation of the
CH(A) but not rotational excitation. If one assumes a 1× 10-10

cm3 molecule-1 s-1 hard sphere collision rate for relaxation and
takes into consideration that the total pressure is about 100
mTorr (13 Pa), then the average time between collisions is
approximately 3µs. The emission lifetime of the CH(A) state
(537 ns) is much shorter than the hard sphere collision time,
therefore>99% of the emission from CH(A) can be considered
nascent. There is a simple analogy between time-resolved
photodissociation experiments and the present experiment with
regard to determining nascent product distributions. In a typical
photodissociation experiment, the emission of the product is
time gated after the laser pulse to eliminate the part of the
product emission that originates from molecules that collide
later. In the present experiments, collisions are essential to
observe the chemiluminescence from reaction products. Instead
of gating the emission to the laser, the lifetime of the CH(A)
acts as an internal gate for the detection of the CH(A) reaction
product. The ratio of the emission lifetime of the CH(A) product
and the average time between collisions (pressure) determines
how close the observed CH(A) emission states are to nascent.

The CH(A) spectrum consists of three main branches (P, Q,
and R), which are split by spin-orbit splitting andΛ doubling.19

The experimental spectrum in Figure 3 only shows the Q and
R branches. In this experiment, an interference filter is used,
which does not transmit the entire CH(A) spectrum at frequen-
cies corresponding to the P branch. The separation due toΛ
doubling is approximately 0.1 cm-1, which could not be resolved
in this experiment. Each line in the R branch is split due to the
spin-orbit splitting mentioned before. The spin-orbit splitting
is easily observed in the R branch under higher resolution
(Figure 4). The rotational populations are not affected by
predissociation if the rotational quantum numberN′ is less than
23 for V′ ) 0 and less than 22 forV′ ) 1.20

Figure 2. (a) Power dependence of the CH(A) signal taken with an
interference filter. The data are fitted with a simple quadratic function
indicated by the solid line. (b) Power dependence of the SO2*
fluorescence taken with the same interference filter without C2H2

introduced. The data are fitted with a simple linear function indicated
by the solid line.

Figure 3. Time-resolved visible emission spectra of the CH(A) from
the C2H + O(3P) reaction process. The total pressure is 100 mTorr (13
Pa) with the balance due to Ar in the detection volume of the instrument.
The laser fluence is 60 mJ cm-2 pulse-1. The data are taken at 4 cm-1

spectral and 250 ns temporal resolution. For better comparison, the
data from 250-1000 ns are normalized to the area in the spectrum.
The dashed line indicates the initial appearance of the SO2 fluorescence.
Both spectral features are convolved with the transmission curve of a
430 nm interference filter.
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The rotational and vibrational populations are derived by
minimizing the error function (Ferror) between a fitting function
(f) and the entire experimental spectrum (Fdata) in Figure 4.

The fitting function is generated from known molecular
constants,19 calculated Ho¨nl-London factors,21 and Franck-
Condon factors22 of the A-X transition of the CH radical
indicated bypi in the equation. The fitting function is convolved
with the instrument response function (g). Input parameters of
the fitting function (pi) 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 previously.21 The results of the population
distributions in Figure 4 are discussed further below.

Microwave Discharge Experiment. It is well-known that
in low-pressure C2H2/O/H flames there is a significant amount
of CH(A) present, which has been attributed to the C2H + O(3P)
reaction.6,23 The formation of C2H in these types of flames can
be understood by the following mechanism:24

The above mechanism is not chemically balanced; it only
indicates the reaction pathways for the formation of C2H radicals
taken directly from the literature.24 The bottleneck for the
formation of C2H is the formation of the ground-state CH
radical. The ground-state CH radical can be formed efficiently
via two different pathways as indicated above. Some pathways

for the production of C2H radicals at room temperature also
require the presence of H atoms, which are formed through
various processes25 such as

It has to be pointed out that C2H radicals can be produced in
the absence of H atoms25 as well, through the following steps

The relative importance of the pathways varies with experi-
mental conditions, but previous studies suggest25 the latter
mechanism is important in low-temperature C2H2/O/H flames.

In our experiment, O atoms are generated via microwave
discharge of oxygen molecules and reacted with C2H2 to

Figure 4. (a) Experimental and simulated spectrum of the CH(A) from C2H + O(3P) using the effusive reactor in Figure 1b and the time-resolved
apparatus. The data are taken with the high-sensitivity photomultiplier tube at 0.8 cm-1 spectral resolution and 2µs 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 is 60 mJ cm-2

pulse-1. The simulated spectrum is inverted for better visibility. The experimentally determined nascent rotational distribution (solid circles) of
CH(A) from C2H + O(3P) is shown forV′ ) 0 (b) andV′ ) 1 (c). The solid line indicates the fitting of the experimental nascent distribution with
a Boltzmann distribution. The rotational temperatures are found to be 1400( 100 K and 1250( 250 K. The vibrational temperature is 2800(
100 K.

Ferror ) [Fdata- ∫-∞

∞
f(pi,τ)g(t - τ)eiωτ dτ]2 (1) C2H2 + O f HCCO+ H

(k ) 9.04× 10-14 cm3 molecule-1 s-1)

HCCO+ O f 2CO+ H
(k ) 1.03× 10-10 cm3 molecule-1 s-1)

CH2(
3B1) + O f CO + 2H

(k ) 7.08× 10-11 cm3 molecule-1 s-1)

CH2(
1A1) + O f CO + 2H

(k ) 1.3× 10-10 cm3 molecule-1 s-1)

HCCO+ O f CH + CO2

(k ) 8 × 10-12 cm3 molecule-1 s-1)

CH + C2H2 f C3H2 + H

(k ) 2 × 10-10 cm3 molecule-1 s-1)

C3H2 + O f C2H + H + CO

(k ) 6.9× 10-11 cm3 molecule-1 s-1)
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simulate the conditions present in the C2H2/O/H flames. Figure
5 shows the observed CH(A) spectrum from the reaction of C2H2

with microwave discharge generated O atoms under low-
pressure conditions (∼150 mTorr, 20 Pa). It is assumed that
the C2H is generated according to the above pathways and it
reacts with O atoms resulting in the CH(A) emission. The
mechanism has been confirmed at 600 K,24 but a similar
mechanism is expected at room temperature as well.25 The
CH(A) emission is observed only after 1 cm downstream from
the initial mixing of C2H2 and O atoms, which supports the
idea that the C2H is only formed in a later step such as the
mechanisms presented above. The pressure is low enough to
obtain the nascent (or close to nascent) rotational and vibrational
distributions of the CH(A) product (see argument in previous
section). In addition, several low-resolution (4 cm-1) spectra
were taken at varying total pressures (150-800 mTorr). The
change in the total pressure is achieved by introducing more
Ar buffer gas, and this does cause deactivation of the higher
rotational states at higher pressures. In the microwave discharge
experiment at pressures lower than 150 mTorr total, no
significant CH(A) emission is observed.

The analysis of the vibrational and rotational populations of
CH(A) from the microwave experiment shows that the rotational
temperatures in theV′ ) 0 andV′ ) 1 states are 1600( 100 K
and 1150( 150 K, respectively. The CH(A) from the laser-
excited photodissociation experiment has similar values
(1400(100 K and 1250( 200 K, respectively), although the
average fraction of energy channeled into rotation is a little less.
The comparison of the vibrational temperatures of these two
experiments also shows a similar trend (3050( 50 K microwave
vs 2800( 100 K photodissociation). The results corroborate
that the CH(A) emission from the photodissociation experiment
and the CH(A) emission from the microwave discharge experi-
ment come from the same process (C2H + O(3P)). The slight
differences can probably be attributed to factors such as the

different amount of initial vibrational and electronic excitation
of C2H in the photolysis experiment, slight differences in
pressures (different rotational and vibrational deactivation, if
any), and the possibility that some portion of the CH(A) may
be the result of another reaction, such as C2H + O2. The C2H
+ O2 reaction does occur; however, the room-temperature rate
coefficient of this reaction7 is 500 times less than that of C2H
+ O(3P). The contribution of the C2H + O2 reaction could be
comparable depending on the O atom density.26 The exother-
micity of the C2H + O2 reaction is, however, about two times
greater than C2H + O, which might result in higher rotational
and vibrational temperatures. On the other hand, the other
product of the C2H + O2 reaction is CO2, in contrast to the CO
product in the C2H + O reaction. The CO2 could lead to a
smaller average energy partitioned into the CH(A) product based
on simple equipartition considerations (CO2 has more degrees
of freedom than CO). Given these ambiguities, it is unlikely
that a more detailed comparison of the photodissociation and
microwave experiments is valuable. Therefore, the dynamical
results are discussed primarily in the context of the time-resolved
photodissociation measurements.

Dynamics of the CH(A) Channel of the C2H + O(3P)
Reaction. The HCCO (ketenyl) radical has been previously
suggested as the most likely reaction intermediate for the
C2H + O reaction.6,7 To understand better the dynamics of the
C2H + O reaction, several models are considered: first, an
impulsive model27 where the energy is released between the
CC bond and is deposited into translation, vibrations, and
rotations determined by the geometry of the intermediate and
reduced masses of the fragments and second, a simple statistical
model, in which all the energetically allowed states are equally
probable. Deviation from a statistical distribution can be
attributed directly to dynamical effects of the reaction. These
two models represent the two ends of the spectrum between
the complete randomization of available energy between dif-

Figure 5. (a) Experimental and simulated spectrum of the CH(A) from C2H + O(3P) using the microwave discharge reactor in Figure 1c. The flow
rates of O2, C2H2, and Ar are 1000, 100, and 200 sccm, respectively, andp(total) ) 150 mTorr (20 Pa). The data are taken with the high-sensitivity
photomultiplier tube at 0.8 cm-1 spectral resolution. The simulated spectrum is inverted for better visibility. The experimentally determined nascent
rotational distribution (solid circles) of CH(A) from C2H + O(3P) is shown forV′ ) 0 (b) andV′ ) 1 (c). The solid line indicates the fitting of the
experimental nascent distribution with a Boltzmann distribution. The rotational temperatures are found to be 1600( 50 K and 1150( 150 K. The
vibrational temperature is 3050( 50 K.
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ferent degrees of freedom vs the localization of available
energy into a particular degree of freedom. The results below
show that neither of these models sufficiently describe the
dynamics of the C2H + O reaction, and a third model is
considered, in which the bond length changes in the intermediate
vs the final products could also affect the observed product
distributions.

For the impulsive model, an HCCO intermediate is assumed.
The linear momentum of the dissociating CC bond is released
into translation, vibration, and rotation of the fragments without
reaching equilibrium in their internal degrees of freedom. The
departing C atoms undergo inelastic collisions with the rest of
the molecule, which result in energy transfer. The model uses
simple classical mechanics based on torques and forces to
estimate the relative distribution of energy among the different
internal degrees of freedom. The translational energy released
(ETrans) into the fragments from the total available energy (EAvl

) 5100 cm-1 if the CH(A) state is formed) is the ratio of the
reduced masses of C and C (µa) and the reduced mass of the
fragments CH and CO (µf) given by

The rest of the energy is distributed into the internal degrees of
freedom. The ratio of the rotational (ERot) vs vibrational (EVib)
energy release is a function of the angle (ø) between the CC
bond and CH bond.

Similar equations will apply to the CO fragments as well. A
more rigorous explanation of the model can be found in
Trentelman et al.27

The statistical model is based on the equipartition theorem.
The translational degrees of freedom carry3/2kT, and the
vibrational and rotational degrees of freedom carrykT in the
case of a diatomic. The total energy is equal to

The classical equipartition theorem assumes that the energy level
spacing is much smaller than the available energy, which is
not correct in this experiment. The total available energy is 5100
cm-1, which is comparable to the vibrational spacing of CH
(2930 cm-1) and CO (2169 cm-1). Results that are more
accurate can be obtained by direct counting of the available
states.28 The prior probability distribution (P0(Ei;E)) of a
particular internal degree of freedom for a general case can be
described by the following equation

whereE is the total available energy,Ei is the energy of the
vibration or rotation of the fragments, andgi is the degeneracy
factor. Taking the average of the individual values ofP0(Ei; E)

would result in the average fraction of energy (〈Ei〉) disposed
into a particular degree of freedom

In these calculations, a rigid rotor, harmonic oscillator ap-
proximation is used. This approximation is considered good in
this particular case, since only a fewV′ values can be populated
and at these lower vibrational levels the contribution of
anharmonicity is negligible. The results from both statistical
models and the impulsive model for two different HCCO
geometries, along with the experimentally determined values,
are summarized in Table 1.

The experimental average energy for CH vibration is obtained
by multiplying the vibrational population inV′ ) 1 by 2930
cm-1, which would result in 540 cm-1 since only two vibrational
levels are accessible. Notice that the experimental vibrational
temperature is 2800 K, but this does not result in a value of
1940 cm-1 because of the limited set of levels. This simple
calculation demonstrates that the direct count does not achieve
the same energy predicted by the equipartition theorem. The
other experimental values are calculated in a similar way.

The experimentally determined rotational population of CH
shows remarkably good agreement with the statistical prediction
(900 cm-1 vs 890 cm-1), which strongly suggests that the HCCO
complex exists long enough that the vibrational modes of HCCO
and the resulting rotational energy in the fragments may be
completely randomized. The vibrational populations show a
strong deviation from the statistical based on direct count (540
cm-1 vs 242 cm-1), which could indicate a dynamical aspect
of the C2H + O(3P) reaction. Comparison of the vibrational
and rotational energy disposal from the impulsive model at
several different angles suggests that this model cannot account
for the relatively large energy content of the vibrational or
rotational degrees of freedom of the CH fragment. This
comparison is independent of the geometry of the HCCO
fragment. The explanation for this is simply that the CH has a
small reduced mass, therefore, the efficiency of energy transfer
from the bond dissociation into the internal degrees of the CH
is negligible. This is also seen in the table, which indicates the
small internal energy (196 cm-1) channeled into the CH if the
impulsive model is used. A similar argument can be made for
the CO fragment, however, the reduced mass of the CO is much
larger and the impulsive energy release, in principle, could
account for the large vibrational energy release. The vibrational
energy release of the CO for the C2H + O(3P) reaction10 was
determined from the nascent IR emission spectrum of CO. It
has to be pointed out that the determination of the average
energy disposal into CO in that experiment may contain a large
error, because the ground-state population of the CO is not
known, but it is extrapolated from the higher vibrational levels.
The poor fit of the results of the models for CH(A) may suggest
that the relatively high vibrational energy content of the CH

ETrans)
µa

µf
EAvl (2)

EVib ) (1 -
µa

µf
) EAvl cos2 ø (3)

ERot ) (1 -
µa

µf
) EAvl sin 2 ø (4)

ETotal ) ETrans+ ERot + EVib ) 3
2

kT + kT + kT (5)

P0(Ei;E) )
gi[E - Ei]

1/2

∑
i

gi[E - Ei]
1/2

(6)

TABLE 1: Results of Experiments and Models for the
Partitioning of Energy for the C 2H + O Reaction

impulsive model (cm-1)

ø ) 180°,
ø′ ) 180°

ø ) 90°,
ø′ ) 90°

statistical
(cm-1)

direct count
(cm-1)

experiment
(cm-1)

〈ETrans(CH)〉 2353 2353 1092 1335
〈EVib(CH)〉 196 0 728 242 540( 20
〈ERot(CH)〉 0 196 728 890 900( 50
〈ETrans(CO)〉 1092 1092 1092 1335
〈EVib(CO)〉 1457 0 728 405 (1300)10

〈ERot(CO)〉 0 1457 728 890

〈Ei〉 ) ∑
i

EiP
0(Ei;E) (7)
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fragment may be the result of other factors such as the geometry
changes in the transition state to the final products.

Theoretical calculations of the ketenyl radicals show that the
CH bond distance in the different electronic states ranges
between (1.06-1.08 Å).29-31 Compared to the CH radical (1.10
Å), the bond distances definitely change, which could account
for the preferential energy release into vibrations. If the barrier
or transition state is close to the exit channel, then the separation
along the CC bond could effectively dispose of internal energy
into the CH vibrations, leading to the high vibrational excitation
of the CH product. A similar argument applies to the CO
fragment. The bond distances of CO in the fragment (1.13 Å)
and the HCCO (1.16-1.18 Å) show changes that are even more
significant. These calculations also indicate that the bond
distance in the CH fragment is expanding compared to the values
in the different electronic states of the HCCO, while the bond
distance in the CO fragment is contracting.

The potential energy curves of the HCCO intermediate along
the CC bond dissociation coordinate32 are shown in Figure 6.
Devriendt et al.6,7 suggested that the relatively high yield of
CH(A) can be explained by a path through the ground electronic
state of the HCCO radical. They suggested that the rotational
motion of the high-energy content bent intermediate would
couple to the nuclear angular momentum, which would result
in the electronic A state of CH (higher electronic angular
momentum). However, the available energy of the reaction (6.4
eV relative to the ground-state HCCO) also makes the formation
of electronically excited HCCO radicals probable. The two
electronically excited HCCO intermediates are the bent HCCO
(B̃) and the linear HCCO (C˜ ). The recently observed branching
ratio10 for the CH(X) + CO and CH(A)+ CO branches from
C2H + O(3P) shows that a relatively large portion of the
branching favors the CH(A)+ CO channel, which could further
support the possible role of excited electronic states of the
HCCO intermediate. On the basis of the data available, no
definite assignment can be made here whether the linear or the
bent excited electronic state of the HCCO would result in the
observed state distributions. The approximate Boltzmann rota-

tional distribution of CH(A) observed here suggests that there
is still a bound intermediate involved, which would make the
linear C̃ state or bent B˜ state of the HCCO the most likely
electronically excited states for the production of CH(A) from
the C2H + O(3P) reaction.

The photodissociation of HCCO at 266 nm33 reveals that the
resulting CH(X) is rotationally highly excited. In that experi-
ment, the excitation takes place in the B˜ state of the HCCO but
with insufficient energy to result in electronically excited
CH(A). In addition, the absorption spectrum of the B˜ state of
HCCO shows broadening at energies higher than 4.3 eV due to
the predissociation of the HCCO.34 This suggests that the bound
B̃ state (bent B˜ 2A′) of the HCCO can couple mainly to the
CH(X) + CO exit channel in agreement with the observation
of the rotationally hot CH(X) product.33 Finally, there is the
spin-forbidden CH(a)+ CO channel,32,35 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 C2H + O(3P) reaction using FTVIS spectros-
copy. Comparison between experiment and theory suggests that
the lifetime of the HCCOq reaction intermediate may be
sufficiently long to allow the randomization of available energy,
however, the preferential vibrational energy disposal of the C2H
+ O(3P) reaction into the CH(A) vibrations may be due to bond
length changes in the transition state. To clarify the mechanism
of the C2H + O(3P) reaction further and to resolve the possible
discrepancies, studies of the photodissociation of the HCCO
radical at higher excitation energies will be valuable.
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