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ABSTRACT: The photodissociation dynamics of the i-methylvinoxy (CH3COCH2)
radical have been studied by means of fast beam coincidence translational
spectroscopy. The radical was produced by photodetachment of the i-methylvinoxide
anion at 700 nm, followed by dissociation at 225 nm (5.51 eV), 248 nm (5.00 eV),
and 308 nm (4.03 eV). At all three dissociation energies, the major products were
found to be CH3 + CH2CO, with a small amount of CO + C2H5 produced at the
higher dissociation energies. Photofragment mass distributions and translational
energy distributions were recorded for each wavelength. Comparison of the mass
distributions with dissociation of fully deuterated i-methylvinoxy aided the assignment
of the observed channels. Electronic structure calculations were performed to
determine the relative energies of minima and transition states involved in the dissociation and to aid interpretation of the
experimental results. The proposed dissociation mechanism involves internal conversion from the initially excited electronic state,
followed by dissociation over a barrier on the ground state.
following rapid internal conversion from B̃ → Ã → X̃ states.
Subsequent theoretical work9 investigated the mechanism for
internal conversion, and it was proposed that the B̃ → Ã
conversion proceeded via an avoided crossing followed by a
radiationless transfer to the ground state via a conical
intersection.
In contrast to the wealth of dissociation studies involving the
unsubstituted vinoxy radical, far less is known about the
photodissociation dynamics of methyl-substituted vinoxy
species such as the i-methylvinoxy radical. The i-methylvinoxy
radical has, however, been the focus of a number of other
spectroscopic and electronic structure investigations. The UV
absorption spectrum has been measured by Cox et al.10 and
more recently by Imrik et al.,11 showing a strong absorption
centered at around 210 nm in addition to a weaker absorption
feature at around 315 nm. The latter corresponds to the B̃ 2A″
← X̃ 2A″ transition, which can be considered to be a π → π*
transition on the carbonyl group.11,12 It was suggested that the
strong absorption centered at around 210 nm could be due to
excitation to a higher-lying electronic state. Electronic structure
calculations have shown that in the ground electronic state, the
radical is predominantly centered on the terminal carbon, as in
structure (a) of Figure 1, whereas in the Ã 2A′ and B̃ 2A″ excited
states, the unpaired electron density is mostly located on the O

1. INTRODUCTION
Substituted vinoxy radicals, such as i-methylvinoxy
(CH3COCH2), are important intermediates in combustion
reactions between unsaturated hydrocarbons and OH radicals1
in addition to being the primary products of reactions between
O atoms and alkenes.2 In atmospheric chemistry, i-methylvinoxy has been suggested as an intermediate in the reaction
between acetone and OH and is of considerable interest due to
the abundance of acetone in the troposphere.3,4 Knowledge of
the unimolecular dissociation products and bond dissociation
energies of such radical intermediates is necessary to understand the overall complex reaction mechanisms in combustion
and atmospheric chemistry. In this work, we employ fast radical
beam coincidence translational spectroscopy to gain an
understanding of the photochemistry and dynamics of the imethylvinoxy radical.
The spectroscopy and dynamics of the unsubstituted vinoxy
radical (CH2CHO) have been the focus of numerous
experimental and theoretical studies. Initial interest in the
photodissociation dynamics of the vinoxy radical5 was
prompted by the diﬀerence between the laser-induced
ﬂuorescence (LIF) spectrum,6,7 which stops abruptly at
30200 cm−1, and the UV absorption spectrum,8 which extends
to 35000 cm−1. In one of the ﬁrst studies to examine its
photodissociation dynamics, Osborn et al.5 excited the vinoxy
radical to the B̃ excited electronic state and observed two
product channels: CH3 + CO and H + CH2CO. The
translational energy distributions and branching ratios indicated
that dissociation took place on the ground electronic surface
© 2016 American Chemical Society
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CH3COCH 2 → C2H5 + CO D0 = 0.56 eV

(2)

CH3COCH 2 → C2H4 + HCO D0 = 1.33 eV
(3)

CH3COCH 2 → H + CH 2COCH 2 D0 = 2.77 eV
(4)

CH3COCH 2 → OH + C3H4 D0 = 2.80 eV

Figure 1. Structures of the i-methylvinoxy radical.

(5)

We observe photodissociation to channel 1 at all dissociation
energies used in this study. At higher wavelengths, some
dissociation to channel 2 is observed, but channel 1 remains
dominant. We also obtain photofragment mass distributions
and translational energy distributions, as well as branching
ratios for the two channels that we observe. Our results indicate
that following excitation of i-methylvinoxy to the B̃ state, there
is rapid internal conversion to the X̃ state, followed by
dissociation via channel 1 and channel 2 at higher energies. To
support our experimental ﬁndings, we employ density functional theory (DFT) and Rice−Ramsperger−Kassel−Marcus
(RRKM) calculations.

atom, either in or out of the plane, respectively, similar to the
unsubstituted vinoxy radical.13,14
LIF studies performed by Williams et al.12,15 have
investigated the X̃ → B̃ transition in i-methylvinoxy and
identiﬁed a number of skeletal vibrations in the B̃ state. The
LIF spectrum for i-methylvinoxy is complicated by the hindered
rotation of the methyl group. As illustrated in (b) and (c) of
Figure 1, there are two low-energy orientations of the methyl
group, labeled staggered and eclipsed. The preferred conformation for the methyl group was determined to be eclipsed
for the ground electronic state but staggered in both the Ã and
B̃ excited electronic states,13,14 as indicated in Figure 1. Similar
to the case of unsubstituted vinoxy, an abrupt cutoﬀ in LIF
intensity in the i-methylvinoxy spectrum was observed at 30000
cm−1, which corresponds to an energy of 2700 cm−1 above the
B̃ state origin.12 Interestingly, it was found that methyl
substitution had very little eﬀect on the onset of the fast
radiationless decay process in terms of the total excitation
energy; however, in terms of the vibrational energy above the B̃
state origin, the energy diﬀerence is much larger. It was
suggested that the eﬀect of methyl substitution is to shift the
relative energies of two interacting surfaces, thus changing the
energy of a surface intersection involved in the rapid internal
conversion from the B̃ state to the X̃ state. An alternate
suggestion was that the fast decay could indicate the onset of
dissociation to the triplet ketene product.12
Numerous anion photoelectron spectra have been reported
for the i-methylvinoxy anion,13,14,16,17 providing information
about the electron aﬃnity of the neutral radical, as well as
detailed information on the structure and vibrational
frequencies of the anion X̃ state and neutral X̃ and Ã states.
Most recently, Yacovitch et al.14 used slow electron velocity
map imaging (SEVI) to obtain high-resolution photoelectron
spectra, through which the hindered rotation of the methyl
group in both the anion and neutral i-methylvinoxy molecule
was observed and characterized. Comparison of experimental
photoelectron spectra with hindered rotor and vibrational
Franck−Condon simulations demonstrated that there is a
change in conformation of the methyl group from staggered in
the anion X̃ 1A′ state to eclipsed in the neutral X̃ state. This
work found the electron aﬃnity for i-methylvinoxy to be EA =
1.747 ± 0.002 eV and the Ã state term energy to be T0 = 1.307
± 0.002 eV.
In this study, we report results on the photodissociation of
the i-methylvinoxy radical at 225, 248, and 308 nm. Following
the UV excitation of i-methylvinoxy, there are a number of
thermodynamically accessible channels for dissociation18−20

2. METHODS
2.a. Experiment. The fast beam coincidence translational
spectrometer employed in this study has been described in
detail previously;5,21 only the details speciﬁc to this work will be
discussed here.
The i-methylvinoxy anions (i-C3H5O−) were generated by
ﬂowing 80 psi (5.5 bar) of Ar through acetone or, similarly,
acetone d-6 to produce fully deuterated i-C3D5O− ions. The gas
mixture was supersonically expanded into the vacuum through
an Even−Lavie valve operating at 100 Hz, coupled with a DC
grid discharge source22 to produce i-C3H5O− ions. The ions
were accelerated to a beam energy of 8 keV and mass-selected
using a Bakker type mass spectrometer.23,24 Mass-selected iC3H5O− ions were subsequently photodetached at 700 nm with
a Nd:YAG pumped dye laser (Litron LPY742-100 and Radiant
Dyes NarrowScan).
A VMI apparatus was recently installed in the photodetachment region,25 such that the cloud of detached photoelectrons
was extracted perpendicularly to the beam path and velocitymapped onto a position-sensitive detector consisting of two
stacked multichannel plates (MCPs) and a phosphor screen.
Events on the screen were then recorded using a video camera
and transferred to a computer for analysis. Use of the Abel
inversion (BASEX)26 allows the photoelectron translational
energy distributions to be obtained from the recorded images,
yielding information on the internal energy of both the ions and
neutrals. The velocity mapping ﬁeld typically results in a slight
deﬂection of the beam of ions; deﬂector plates at the entrance
of the VMI apparatus are used to correct the path of the ions.
The photodissociation and photoelectron spectra can be
recorded simultaneously, but typically a photoelectron
spectrum was recorded brieﬂy prior to performing the
photodissociation experiment to verify that the anions
produced in the discharge were internally cold.
Following the photodetachment of i-C3H5O−, any anions
remaining in the beam were deﬂected from the axis using an
electric ﬁeld and the resulting beam of fast, neutral i-C3H5O
radicals passed through a pinhole with 1 mm diameter before
being intersected by a UV laser beam, generated by a GAM EX-

CH3COCH 2 → CH3 + CH 2CO D0 = 1.21 eV
(1)
580

DOI: 10.1021/acs.jpca.6b10570
J. Phys. Chem. A 2017, 121, 579−586

Article

The Journal of Physical Chemistry A
50F excimer laser (248 nm, 5.0 eV), a Lambda Physik LPX 300
excimer laser (308 nm, 4.02 eV), or an excimer-pumped dye
laser (225 nm, 5.51 eV) (Lambda Physik FL-3002). Photofragments recoiling from the beam axis were detected in
coincidence by means of a time-and-position-sensitive
Roentdek Hex80 delay-line anode detector21,27 located 1.4 m
from the dissociation region. Any undissociated radicals were
blocked by a 2.5 mm radius beam block that sits close to the
detector face. For each coincident event, the arrival times and
positions of the photofragments were determined and then
analyzed to yield the photofragment masses, translational
energy distributions, and scattering angles. A given event with a
very low or high kinetic energy release will lead to one or both
fragments being undetected as a consequence of the ﬁnite size
of the detector and the presence of the beam block; thus, the
detection eﬃciency varies as a function of translational energy
release and scattering angle. To accommodate this limitation,
the experimental translational energy distributions presented
here have been corrected using a detector acceptor function
(DAF).28
2.b. Electronic Structure Calculations. In order to aid
the interpretation of the experimental data, electronic structure
calculations were performed using Gaussian 09.29 DFT was
chosen to locate and optimize the structures of the minima and
transition states relevant to dissociation via channels 1−3 using
the B3LYP density functional and the 6-311++G(3df,2p) basis
set. Single-point energy calculations employing the composite
G4 method were then performed at the optimized ground-state
structures. This method has recently been used for calculation
of transition state structures for the dissociation of the vinoxy
radical.30

Figure 2. Anion photoelectron spectrum of i-C3H5O− at λ = 700 nm.
The top panel displays the experimental PES, while hindered rotor
simulations, performed at 200 K, are shown in the bottom panel. A
Gaussian convolution of the hindered rotor simulations is also shown,
with a Gaussian peak width of w = 0.003 eV.

3. RESULTS
3.a. Photoelectron Spectrum. The anion photoelectron
spectra for i-methylvinoxy and its deuterated analogue have
been measured previously,13,14,16 and the electron aﬃnities
were determined to be 1.747 and 1.743 eV, respectively. In our
experiment, the photodetachment wavelength (700 nm, 1.771
eV) was selected such that it is only slightly higher in energy
than the electron aﬃnity in order to minimize the production
of vibrationally hot neutrals. The resulting photoelectron
spectrum, shown in Figure 2, looks markedly diﬀerent from
previously published spectra in which the entire Franck−
Condon proﬁle was mapped out, with progressions in the
neutral ν14 (C−C−C bending) and ν13 (O−C−C bending)
mode.14 A series of peaks are present in the experimental
photoelectron spectrum that can be attributed to the lowestfrequency mode, the methyl torsion. In transitioning from the
anion X̃ state (staggered) to the neutral X̃ state (eclipsed),
there is a large change in methyl group conformation; therefore,
a vibrational progression in this mode is expected and has been
previously observed.14 The assignment of the peaks in the
photoelectron spectrum is discussed in detail in Section 4a.
3.b. Photofragment Masses and Translational Distributions. Photofragment mass and translational energy
distributions are determined using the arrival times and
positions acquired by the hexanode delay line detector for
both photofragments of a given coincident event. The mass
ratio of the fragments for a given event is related to their
respective displacements from the dissociation center through
conservation of momentum. Figure 3 displays photofragment
mass distributions for the photodissociation of i-methylvinoxy
at 308 nm (4.03 eV), 248 nm (5.00 eV), and 225 nm (5.51 eV).

The dominant channels are clearly centered at around 15 and
42 amu at all three dissociation energies. The longest
dissociation wavelength, 308 nm, is the only channel observed
in the mass distribution, but as the photon energy is increased,
some evidence of a second channel, with product masses of
around 28 and 29 amu, can be seen.
Due to the relatively low mass resolution of the photofragment translational spectrometer (m/Δm ≈ 10),31 it is
informative to perform the coincidence measurements with
fully deuterated i-methylvinoxy. The mass distributions for
dissociation of i-C3H5O and i-C3D5O at 248 nm are compared
in the right panel of Figure 3. The peaks at 15 and 42 in the
mass distribution for i-C3H5O suggest that the dissociation
proceeds via channel 1 into CH3 + ketene products. However,
it is possible that there could be some contribution from
channel 5 as the products OH + C3H4 are very close in mass to
CH3 + ketene. From the right-hand panel of Figure 3, it can be
seen that for dissociation of i-C3D5O, the mass distribution
peaks at 18 and 44, consistent with dissociation into CD3 and
C2D2O. Although OD and CD3 both have a mass of 18 amu, if
there were some contribution to the mass distribution from
dissociation via channel 5, we would expect to see the peak at
18 amu to be narrower than the peak at 15 amu as the two
peaks will lie on top of one another in the distribution for iC3D5O, similar to the peak at 44 amu. The minor channel,
which appears to peak at approximately 28 and 29 amu for iC3H5O could be due to dissociation via either channel 2 or 3.
In the mass distribution for i-C3D5O, there is little or no
evidence of this channel, making assignment of this channel
impossible based on the mass distributions alone. The
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Figure 3. (Left) Photofragment mass distributions for i-C3H5O at dissociation wavelengths of λ = 225 (green line), 248 (red line), and 308 nm.
(Right) Photofragment mass distributions for i-C3H5O (red line) and i-C3D5O (blue line) at a dissociation wavelength of λ = 248 nm.

wavelengths, the angular distributions of the photodissociation
products were found to be isotropic.
In the dissociation experiment, some background coincident
events were detected that were observed even without the UV
dissociation laser. After investigation, we concluded that these
background events were caused by neutral i-C3H5O absorbing a
second 700 nm photon from the detachment laser. Given that
the Ã state term energy has been previously reported to be
1.037 eV,14 it is reasonable that the radical is, through the
second photon absorption, undergoing excitation to the Ã state,
followed by dissociation via channel 1. After intersection with
the 700 nm laser beam, the neutral radicals pass through a 1
mm pinhole before absorbing a UV photon. Therefore, only
dissociation events with very small kinetic energies would pass
through this pinhole and can largely be rejected during the
analysis. However, UV dissociation events with a kinetic energy
release of below approximately 0.5 eV may be contaminated by
this process.

experimental branching ratios for channel 1:channel 2 are 11:1
and 44:1 for dissociation at 225 and 248 nm, respectively. At
308 nm, very little dissociation via channel 2 is seen; therefore,
an accurate determination of the branching ratio is not possible,
but it is likely to be larger than 100:1.
Photofragment translational energy distributions for dissociation of i-C3H5O into CH3 and ketene are shown in Figure 4.

4. DISCUSSION
4.a. Photoelectron Spectrum. In order to assign the
peaks observed in the photoelectron spectrum, Franck−
Condon simulations were performed, employing a 1D hindered
rotor model15,32−34 as in the previous work of Yacovitch et al.14
The barrier heights used in the hindered rotor simulations were
123 and 890 cm−1 for the radical and anion, respectively. As
discussed in section 3a, the lowest-energy orientation of the
methyl group changes from the staggered to eclipsed geometry
upon photodetachment, and therefore, the 1D hindered rotor
minima are displaced by 60°. Further details on these
simulations and the corresponding hindered rotor potentials
are provided in the Supporting Information. The simulations
were performed at a temperature of 200 K, similar to anion
temperatures previously obtained using this DC discharge
source.25
The agreement between the hindered rotor simulations and
experimental photoelectron kinetic energy distribution is good
at low electron kinetic energies (peaks A−D). Table 1 gives
assignments for the ﬁrst four peaks in the experimental
spectrum. The energy levels are labeled mfinal
initial according to the
convention in ref 14. The assignment for peaks A−C are in
agreement with the previous work of Yacovitch et al.14
Diﬀerences between the spectrum presented here and that in
ref 14 are due to the lower ion temperature obtained in that
work (70 K). At higher electron kinetic energies, the

Figure 4. Photofragment translational energy distributions for
dissociation of i-C3H5O to CH3 and ketene at 225 (green line), 248
(red line), and 308 nm (blue line).

At all three dissociation energies, the distribution rises to a peak
at around 0.7 eV. The distribution broadens and its tail extends
to higher energies as the dissociation energy is increased. The
number of events in the minor mass channel was too low to
reliably determine translational energy distributions for this
channel at all wavelengths under investigation.
Assuming that the i-methylvinoxy radicals are internally cold
prior to excitation, the translational energy available to the
dissociation products is given by
E T = Ephoton − E int − D0

(6)

where Ephoton = hν is the energy of the excitation photon, Eint is
the internal energies of the outgoing fragments, and D0 is the
bond dissociation energy of the given product channel. This
results in maximum product translational energies of 2.99, 3.79,
and 4.3 eV for dissociation at 308, 248, and 225 nm,
respectively. The maximum translational energy for each
wavelength is indicated by an arrow in Figure 4. At all three
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corresponds to the B̃ 2A″ ← X̃ 2A″ transition, while it has been
suggested that the latter feature could be due to excitation to a
higher-energy C̃ state.11 At 308 nm, only the B̃ state is
energetically accessible; however, at 248 and 225 nm, which are
in between the two peaks in the UV absorption spectrum, it is
possible that there could be some excitation to the C̃ state.
Nevertheless, the photofragment translational energy distributions show similar features at all three wavelengths, suggesting
that the dynamics at all three dissociation energies are similar.
At all three dissociation energies considered in this work, the
translational energy distributions peak at around 0.7 eV, which
is much lower than the maximum energetically allowed for each
dissociation energy. The combination of a weak dependence of
the translational energy distribution peak on photodissociation
energy and the peak position occurring above ET = 0, but at
much lower energy than the maximum allowed, suggests that
the photodissociation could be occurring on the ground state,
but with a small exit barrier with respect to the photodissociation products. For such a process, the energy is
statistically distributed prior to encountering the barrier on
the reaction coordinate, but after the barrier, the energy is
released rapidly, resulting in a translational energy distribution
that peaks around or below the barrier height.35 The exit barrier
with respect to CH3 + ketene products is 0.66 eV, close to the
peak of the photofragment translational distribution.
It is useful to compare the experimental translational energy
distributions to the case in which dissociation proceeds along a
reaction coordinate that has no exit barrier to the dissociation
products. In this scenario, the translational energy distribution
can be modeled as a prior distribution, using the equation36,37

Table 1. Peak Positions and Hindered Rotor Transition
Assignmentsa

a

peak

energy (eV)

hindered rotor transition

A
B

0.002
0.015

m5e
1e
3a
m0a11/m4e
1e

C
D

0.019
0.026

m2e
1e
m5e
2e

The peak labels refer to the labels in Figure 2.

assignment for the experimental peaks is not as clear as the
peak heights and positions diﬀer between the experimental and
simulated spectra. One possible reason for this is that all peaks
above an electron kinetic energy of 0.025 eV are hot bands;
discrepancies between experiment and simulation could thus be
caused by coupling of the torsional mode with low-frequency
vibrations at higher energies, leading to a breakdown in the 1D
hindered rotor model.
4.b. Photodissociation Dynamics of i-Methylvinoxy.
The results presented in section 3b indicated that for all three
photon energies employed in this study the dominant
dissociation products are CH3 and ketene. The dissociation
of i-methylvinoxy via channel 1 can result in either the singlet
or triplet ketene product, depending on the dynamics at the
intersection of the relevant potential energy surfaces. At all
three dissociation wavelengths employed in this work, the
triplet ketene product is energetically accessible, and this
pathway has previously been proposed as a possible cause for
the sharp decrease in ﬂuorescence lifetime of the B̃ state of imethylvinoxy.12 However, the experimental translational energy
distributions presented in Figure 4 are generally not consistent
with dissociation to triplet ketene. For example, the maximum
translational energy available to CH3 + triplet ketene for
dissociation at 308 nm is 0.4 eV, but the observed translational
energy distribution extends to around 2.0 eV and has very little
intensity below 0.4 eV.
One aim of the current investigation is to establish whether
the photodissociation of i-methylvinoxy proceeds along an
electronically excited state surface or via decay to the electronic
ground state followed by statistical dissociation. To address this
issue, we consider the dependence of the translational energy
distributions on excitation energy, the overall shape of these
distributions, and the product branching between major and
minor channels.
As discussed in section 1, the UV absorption spectrum shows
a weak absorption feature at around 315 nm and a stronger
absorption centered at around 210 nm. The feature at 310 nm

P(E T∥Eav ) ∝ E T1/2 . ρvr (Eav − E T)

(7)

where ET is the translational energy,Eav is the available energy
above the dissociation energy, and ρvr(Eav − ET) is the density
of rovibrational states of the dissociation products. For the
model presented here, the density of rotational states was
assumed to be constant, and the vibrational density of states
was calculated using a semiclassical model.38 The calculated
prior distributions are compared with experimental distributions in Figure 5. There are clear diﬀerences between the two
sets of translational energy distributions, with the prior
distribution P(ET) peaking very close to ET = 0, rather than
at around 0.7 eV for the experimental distributions. One
explanation for this disparity could be that the condition under
which the prior distribution model is valid, that is, statistical
dissociation on the ground state with no exit barrier, is not

Figure 5. Photofragment translational energy distributions for dissociation of i-C3H5O to CH3 and ketene at 225 (right panel), 248 (middle panel),
and 308 nm (left panel). The experimental translational energy distributions are compared with prior distribution calculations that are shown by the
dotted line in each panel.
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Figure 6. Schematic of the calculated potential energy surface involved for i-methylvinoxy photodissociation. Energies, given in eV, are relative to the
ground state of i-methylvinoxy and are calculated at the B3LYP 6-311++G(3df,2p) level of theory for transition state structures and using the G4
composite method for the ground-state structures, other than for TS1. The value for TS1 is from ref 1 and is calculated at the UCCSD(T)-F12b/ccPVQZ-F12 level of theory.

applicable for i-methylvinoxy dissociation to CH3 + ketene.
Studies on similar systems that undergo dissociation over a
small barrier have found that more energy is partitioned into
product translational energy than predicted by the prior
distribution.39,40 This further lends conﬁdence to our
suggestion that the dynamics for this channel are consistent
with dissociation over a small barrier on the ground state of imethylvinoxy.
From Figure 6, it can be seen that all other possible
dissociation channels require an isomerization step over TS2
(2.28 eV) prior to dissociation, which is higher in energy than
the barrier to dissociation (TS1, 1.87 eV) to CH3 and ketene
products. At 248 and 225 nm, there is evidence of a minor
second channel, with product masses of 28 and 29, as shown in
Figure 3. Because both channels 2 and 3 have the same product
masses, it is not possible to assign this channel on the basis of
mass alone. In order to dissociate along channel 2 or 3, the
radical must ﬁrst isomerize to form the propionyl radical via
TS2. Dissociation to CO + C2H5 products (channel 2) can
then proceed over a small barrier (TS3, 0.72 eV) directly to the
products. On the other hand, to form HCO + C2H4 (channel
3), an additional isomerization step would have to take place
over a much larger barrier (TS4, 2.10 eV) followed by a
subsequent dissociation over a barrier. It is therefore likely that
after isomerization to the propionyl radical the major
dissociation products are CO + C2H5, and we assign the
minor channel to channel 2.
Further information on the mechanism of dissociation for
channels 1 and 2 comes from consideration of the product
branching ratios of channels 1 and 2. As discussed previously,
the barrier along the reaction coordinate for channel 1 is lower
in energy than the isomerization barrier for channel 2. TS1 is
also likely to be a “looser” transition state than TS2 as it
involves the breaking of a bond rather than rearrangement. It is
therefore unsurprising that channel 1 is the major channel at all
three dissociation wavelengths.
RRKM calculations were performed to model the competing
dissociation pathways and compare with the experimental
branching ratios. The RRKM rate constant is given by38

k(E) =

W ‡(E − E0)
hρ(E)

(8)

‡

where W (E − E0) is the total number of vibrational states at
the transition state, which is at energy E0 above the ground
state of the reactant, h is Planck’s constant, and ρ(E) is the
density of vibrational states of the ground-state reactant. Both
W‡(E − E0) and ρ(E) are calculated using the Beyer−
Swinehart algorithm41 and the vibrational frequencies for the
ground and transition states from the electronic structure
calculations described in section 2b and discussed in the
Supporting Information. The CH3 torsional mode is treated as
a hindered rotation for ground-state i-methylvinoxy and TS1.
For dissociation via channel 2, isomerization over TS2 is likely
to be the rate-limiting step; therefore, branching ratios can be
computed from the rates of passage over TS1 and TS2. RRKM
rate constants and branching ratios are compared with
experimental branching ratios in Table 2. The RRKM
Table 2. RRKM Rate Constants (s−1) and Branching Ratios
for Each Photon Energy (eV) with Corresponding
Experimental Branching Ratios
photon
energy

kchannel 1

kchannel 1

(1)/(2)
RRKM

(1)/(2)
experimental

5.51
5.00
4.02

3.12 × 1011
1.68 × 1011
3.27 × 1010

1.35 × 1010
5.82 × 109
6.14 × 108

23:1
29:1
53:1

11:1
44:1
>100:1

calculations predict that for all wavelengths, channel 1 will be
the dominant dissociation channel, in agreement with what we
observe experimentally. Additionally, the RRKM calculations
predict that as the dissociation energy increases, there will be
more of a contribution from dissociation via channel 2 and are
in reasonable agreement with the experimental branching
ratios. At a dissociation energy of 4.02 eV, the contribution to
the experimental signal from channel 2 is so low that it is
diﬃcult to accurately determine the branching ratio at this
energy.
There have been a number of previous studies that have
investigated the dissociation of the closely related vinoxy
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radical. Osborn et al.5 observed dissociation to H + ketene and
CH3 + CO, analogous to channels 1 and 2, respectively, with a
branching ratio of 4:1 following B̃ ← X̃ excitation. This
branching ratio was in good agreement with RRKM
calculations, and the mechanism proposed was that dissociation
took place on the ground electronic surface following rapid
internal conversion from B̃ → Ã → X̃ states. Miller et al.42
studied dissociation of the vinoxy radical produced directly in
the X̃ state and observed a branching ratio for the H + ketene
channel that was much lower than that predicted by RRKM
theory. It was suggested that this disagreement could be due to
the presence of a conical intersection at planar geometries;
however, a subsequent theoretical investigation concluded that
this was unlikely.43 Most recently, Lam et al.30 used 157 nm
photodissociation of chloroacetaldehyde to prepare the vinoxy
radical directly in the Ã and B̃ states and observed both H +
ketene and CH3 + CO products. Although they found that H +
ketene was the dominant channel, agreement of the
experimental data with RRKM calculations was poor, and
therefore, it was proposed that the barrier to H + ketene
dissociation should be increased by around 0.1 eV from the G4
calculated value. Although agreement between experiment and
RRKM theory appears poor for the dissociation of the vinoxy
radical, it has generally been concluded in both experimental5,30
and theoretical9 investigations that vinoxy radicals produced in
their Ã or B̃ states undergo internal conversion and subsequent
dissociation on the ground electronic state.
The photodissociation dynamics of i-methylvinoxy show
many similarities to those of vinoxy, with both systems showing
rapid internal conversion to the ground electronic state,
followed by dissociation over a barrier. For both systems, two
dissociation channels can be observed, one involving direct
bond cleavage (channel 1) or isomerization followed by
dissociation (channel 2). The barrier to bond cleavage is
similar for both radicals, 1.83 and 1.87 eV in the vinoxy30 and imethylvinoxy systems, respectively. In contrast, the barrier to
isomerization is much higher for the i-methylvinoxy radical
(2.28 eV), compared with 1.76 eV for vinoxy isomerization to
the acetyl radical (CH3CO). It is therefore unsurprising that the
branching ratio for channel 2 is much lower than that for the
analogous products in vinoxy dissociation.

estimation of TS2), as has been suggested for the closely
related vinoxy radical.
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(1) Zádor, J.; Miller, J. A. Adventures on the C3H5O Potential Energy
Surface: OH+ Propyne, OH+ Allene and Related Reactions. Proc.
Combust. Inst. 2015, 35, 181−188.
(2) Leonori, F.; Balucani, N.; Nevrly, V.; Bergeat, A.; Falcinelli, S.;
Vanuzzo, G.; Casavecchia, P.; Cavallotti, C. Experimental and
Theoretical Studies on the Dynamics of the O (3P)+ Propene
Reaction: Primary Products, Branching Ratios, and Role of
Intersystem Crossing. J. Phys. Chem. C 2015, 119, 14632−14652.
(3) Singh, H. B.; Kanakidou, M.; Crutzen, P.; Jacob, D. High
Concentrations and Photochemical Fate of Oxygenated Hydrocarbons
in the Global Troposphere. Nature 1995, 378, 50−54.
(4) Wollenhaupt, M.; Carl, S.; Horowitz, A.; Crowley, J. Rate
Coefficients for Reaction of Oh with Acetone between 202 and 395 K.
J. Phys. Chem. A 2000, 104, 2695−2705.
(5) Osborn, D. L.; Choi, H.; Mordaunt, D. H.; Bise, R. T.; Neumark,
D. M.; Rohlfing, C. M. Fast Beam Photodissociation Spectroscopy and
Dynamics of the Vinoxy Radical. J. Chem. Phys. 1997, 106, 3049−3066.
(6) Inoue, G.; Akimoto, H. Laser-Induced Fluorescence of the
C2H3O Radical. J. Chem. Phys. 1981, 74, 425−433.
(7) DiMauro, L.; Heaven, M.; Miller, T. A. Laser Induced
Fluorescence Study of the B̃ 2A″→ X̃ 2A″ Transition of the Vinoxy
Radical in a Supersonic Free Jet Expansion. J. Chem. Phys. 1984, 81,
2339−2346.
(8) Hunziker, H.; Kneppe, H.; Wendt, H. Photochemical Modulation
Spectroscopy of Oxygen Atom Reactions with Olefins. J. Photochem.
1981, 17, 377−387.
(9) Matsika, S.; Yarkony, D. R. Photodissociation of the Vinoxy
Radical through Conical, and Avoided, Intersections. J. Chem. Phys.
2002, 117, 7198−7206.
(10) Cox, R.; Munk, J.; Nielsen, O. J.; Pagsberg, P.; Ratajczak, E.
Ultraviolet Absorption Spectra and Kinetics of Acetonyl and
Acetonylperoxy Radicals. Chem. Phys. Lett. 1990, 173, 206−210.
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