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Photodissociation of the ethoxy (C2H5O) radical is investigated using photofragment translational spectroscopy.
The ethoxy radical is generated by photodetachment of C2H5O- and subsequently dissociated by photon
absorption in the range of 270-220 nm; no dissociation is seen at higher wavelengths. The photofragment
yield (PFY) spectrum is structureless but exhibits abrupt increases in intensity at 260 and 225 nm. The product
mass distribution shows that C2H5O dissociates into the vinyl radical (C2H3) and H2O throughout the entire
absorption band. We propose that these products are formed by isomerization and dissociation on electronically
excited surfaces rather than by internal conversion to the ground state. The translational energy P(ET)
distributions for this channel are largely insensitive to photon energy. However, at the two highest photon
energies (5.51 and 5.96 eV), a new feature appears at ET e 0.3 eV, which is assigned as production of an
excited state of C2H3.

I. Introduction
Alkoxy radicals play a significant role as reaction intermediates in hydrocarbon combustion chemistry. The ethoxy (C2H5O)
radical is particularly important, as it is believed to be a reaction
intermediate in the C2H4 + OH1-15 and C2H5 + O reactions,16-18
undergoing dissociation to CH3 + CH2O and H + CH2CHO.
Absolute rate constants for thermal decomposition of ethoxy
have been measured recently.19 However, the excited state
photochemistry of the ethoxy radical is largely unknown. It is
expected to be considerably more complex than in the methoxy
radical, for which electronic excitation leads primarily to CH3
+ O products,20 because ethoxy has many more low-lying
dissociation channels: the four reactant and product channels
listed above plus C2H3 + H2O and CH3CO + H2. In this paper,
we present the first study of the photodissociation spectroscopy
and dynamics of the ethoxy radical.
The electronic spectroscopy of C2H5O has been investigated
in several laboratories. The emission spectrum from the B̃ 2A′f
X̃2A′′ transition of the ethoxy radical was first observed in the
range of 500-330 nm after photolysis of C2H5ONO.21 Laserinduced fluorescence spectra were subsequently recorded in a
gas cell by two different groups, showing the origin transition
at 342.4 nm (29 204 cm-1) and a vibrational progression in the
C-O stretching mode.22,23 This set of measurements yielded a
B̃ 2A′ state radiative lifetime of 1-1.8 µs. Rotationally resolved
laser-induced fluorescence was recorded for the origin and 920
transitions.24,25 Recently, several additional vibrational modes
of the X̃ 2A′′ and B̃ 2A′ states were assigned in a laser-induced
fluorescence experiment by Zhu et al.26
Ruscic and Berkowitz27 found the ionization potential of
ethoxy to be 10.29 ( 0.08 eV using photoionization mass
spectrometry. Photoelectron (PES) spectra for the ethoxide anion
were taken by the Lineberger28,29 and Ellison30 groups, and the
electron affinity of the ethoxy radical was determined to be 1.712
( 0.004 eV. In a recent PES spectrum by Lineberger and co†
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workers,29 transitions to the ground (X̃ 2A′′) and low-lying
excited (Ã 2A′) states of C2H5O radical were resolved; these
states are separated by only 355 ( 10 cm-1 and are distinguished
by their photoelectron angular distributions.
An interesting property of C2H5O particularly relevant to the
results presented in this paper is the existence of chemically
distinct isomers. Two stable isomers are known in addition to
ethoxy radical (CH3CH2O): the 1-hydroxyethyl (CH3CHOH)
and 2-hydroxyethyl (CH2CH2OH) radicals. These chemically
important species are less well characterized than the ethoxy
radical. Anastasi et al.31,32 observed broad absorption spectra
for both radicals in the range of 300-210 nm using a pulse
radiolysis/kinetic absorption technique, although their assignment of the CH2CH2OH spectrum is called into question by
the results reported here. The ionization potential of CH3CHOH
was measured to be <6.85 eV by photoionization mass
spectrometry;27 a more precise value of 6.64 ( 0.03 eV was
recently obtained by Dyke et al.33 using photoelectron spectroscopy.
Energetics of the three isomers were calculated by Schlegel
and co-workers34,35 and Curtiss et al.36 In both studies, CH3CHOH was found to be the most stable isomer, followed by
CH2CH2OH and then CH3CH2O, with all three isomers lying
within a 0.5-eV energy range. Ab initio calculations have also
been applied to geometric isomers of the C2H5O- anion and
the C2H5O+ cation by Chiu et al.37 and Curtiss et al.,36
respectively. The ethoxide anion was found to lie almost 1 eV
below the next most stable structure (CH2CH2OH-), whereas
CH3CHOH+ was the most stable cation.
The role of isomerization in the reaction dynamics of C2H5O
was investigated in the ab initio studies by Schlegel and coworkers34,35 and Hoyermann et al.,18 both of whom calculated
barrier heights for various isomerization and dissociation
processes. Schlegel found the most facile path for the OH +
C2H4 reaction be the addition of OH to C2H4 to form CH2CH2OH, followed by isomerization to ethoxy radical over a 1.2-eV
barrier and dissociation to CH3 + CH2O. On the other hand,
isomerization does not appear to be important in the thermal19
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or chemically activated18 decomposition of ethoxy itself, as the
two observed channels, CH3 + CH2O and H + CH2CHO, result
from simple bond fission.
In this paper, we investigate the photodissociation dynamics
of C2H5O using our fast radical beam photofragment spectrometer. Here, a beam of C2H5O neutrals is prepared by laser
photodetachment of mass-selected C2H5O- ions and subsequently photodissociated by a second laser. We observe photodissociation from a previously unknown electronic band of
ethoxy and identify the dissociation products as C2H3 + H2O
using our time- and position-sensitive detector. The observation
of this channel suggests that isomerization plays a significant
role in the excited-state dissociation dynamics of ethoxy, in
contrast to the ground-state dynamics.
II. Experimental Setup
The fast radical beam photofragmentation apparatus has been
described in detail previously.38,39 Briefly, oxygen gas (40 psi)
bubbles through ethanol (C2H5OH) at 0 °C. The resulting
mixture supersonically expands through a pulsed value and
electric discharge channel into the source region of the apparatus.40 Ions are created in the discharge channel by applying
a voltage pulse of -600 V just after the valve opens and cooling
to ∼50 K41 during expansion. Deuterated ethoxide, C2D5O-,
was produced by the same method.
Negative ions formed in the source region are accelerated to
6 keV and separated temporally by a time-of-flight (TOF) mass
spectrometer. The C2H5O- ion packet is intersected by an
excimer-pumped pulsed dye laser beam, photodetaching some
anions to yield neutral C2H5O radicals. The photon energy used
in these experiments, 1.80 eV, is just above the detachment
threshold for the Ã 2A′ state of the ethoxy radical,29 so both
the X̃ 2A′′ and Ã 2A′ states are populated in our radical beam,
albeit with no vibrational excitation in either state. Since
ethoxide is predicted37 to be the lowest-energy anion structure,
no other isomers are expected in the anion beam. This is
supported by the absence of photodetachment below the electron
affinity of ethoxy radical, because any other isomers would have
considerably lower vertical detachment energies.34,36,37
Any remaining ions after the photodetachment pulse are
removed by application of an electrical deflection pulse. The
neutral beam is then crossed by a second excimer-pumped
tunable dye laser beam. The resulting photofragments are
detected by microchannel plates with high efficiency (∼50%)
because of the high laboratory kinetic energy (6 keV). A beam
block prevents undissociated radicals from impinging on the
detector, whereas the photofragments with sufficient recoil
energy ET clear the beam block and strike the detector.
Two types of experiments are performed. First, the photofragment yield (PFY) spectrum is obtained by collecting the
total flux of fragments as a function of the photodissociation
laser wavelength. Second, at selected photon energies, the
photofragments are collected in coincidence using a time- and
position-sensitive detector. By measuring the distance between
the photofragments and the interval between their arrival times,
we obtain the fragment masses, translational energy release, and
scattering angle for each photodissociation event. From these,
we obtain the translational energy P(ET) distributions for each
product mass channel.
The fragment masses are determined by the distance of the
two fragments from the center of the detector. As a consequence,
the fragment mass resolution mainly depends on the diameter
of the parent radical beam at the detector. This diameter is
around 1 mm, yielding a fragment mass resolution (m/∆m) of
∼10.

Figure 1. Photofragment yield (PFY) spectrum of C2H5O.

In the coincidence experiment, the flight length from the
photodissociation laser to the detector can be varied to optimize
collection of low or high translational energy fragments. At
longer flight lengths, more low-energy fragments clear the beam
block and hit the detector, but more high energy fragments miss
the detector because of its finite size (40-mm diameter). In this
paper, most of P(ET) distributions are obtained at a 1-m flight
length, whereas some P(ET) distributions are obtained at a 2-m
flight length to enhance detection of low-energy product. In
either case, the P(ET) distributions are generated from the raw
data using a “detector acceptance function” that accounts for
these effects.42
III. Results
A. Photofragment Yield (PFY) Spectrum of C2H5O. The
PFY spectrum obtained from C2H5O is shown in Figure 1. This
spectrum covers 270-220 nm (4.59-5.64 eV) with 0.04-nm
steps. No additional structure is resolved with finer step sizes.
No significant dissociation signal was observed in the region
of 342-311 nm, where laser-induced fluorescence from the B̃
2A′ f X̃ 2A′′ transition of C H O radicals was previously
2 5
reported.22,23,26 The photofragment flux increases around 260
and 225 nm.
B. Product Mass Distribution. Several dissociation channels
are energetically accessible in the photon energy range of Figure
1:43-45

C2H5O (X̃ 2A′′) + hν f CH3CO + H2
∆rH0) -0.24 eV

(1)

CH2O + CH3

) 0.40 eV

(2)

CH3CHO + H

) 0.65 eV

(3)

C2H3 + H2O

)0.69 eV

(4)

C2H4 + OH

)1.05 eV

(5)

C2H5 + O

)3.92 eV

(6)

The coincidence detection scheme works well only if the
fragment mass ratio is less than 5:1; otherwise, the heavy
fragment is generally blocked by the beam block and/or the
light fragment misses the detector. Consequently, channels 1
and 3 cannot be detected in this experiment.
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Figure 2. Photofragment mass spectrum of C2H5O (solid) and C2D5O
(dashed).
Figure 4. Translational energy distributions P(ET) of C2H5O at 5.96
eV at flight lengths of 1 m (solid) and 2 m (dashed). Arrows indicate
the maximum ET for channels II-IV.

Figure 3. Translational energy distributions P(ET) of (a) C2H5O and
(b) C2D5O at selected excitation energies. Flight length was 1 m.

Figure 2 shows the product mass distribution for C2H5O and
C2D5O photodissociation at 5.17 eV. For C2H5O photodissociation, the average photofragment masses are 17.6 and 27.4
amu for the light and heavy masses, respectively, a result that
could originate from channel 4 and/or 5 given our relatively
poor fragment mass resolution. However, isotopic substitution
from C2H5O to C2D5O results in a shift of 2 amu for the light
mass and 3 amu for the heavy mass while showing no increase
in peak width, indicating that there are two hydrogen atoms on
the light fragment and three on the heavy fragment. There is
no significant change in mass distribution or isotope shift, neither
over the range of photon energies investigated here nor over
the translational energy range at a particular photon energy.
Hence, channel 4, C2H3 + H2O, appears to be the dominant
dissociation channel for which the product mass ratio is less
than 5:1.
C. Translational Energy P(ET) Distributions of C2H5O and
C2D5O. Figure 3 shows P(ET) distributions for C2H3 + H2O

from C2H5O and C2D5O at selected photon energies using a
flight length of 1 m. P(ET) distributions from C2H5O are shown
on the left side of Figure 3, and those from C2D5O are shown
on the right side of Figure 3.
For C2H5O dissociation at hν e 5.17 eV, the P(ET) distributions show a single feature, peaking around 0.7 eV and
extending to 4 eV. This feature narrows somewhat as the photon
energy is raised. The P(ET) distributions for C2D5O dissociation
at the same photon energies have the same general shape,
although the peak is slightly broader toward high ET. For hν g
5.51 eV, a new peak appears around ET ) 0.3 eV. At a 1-m
flight length, most of the signal at ET e 0.3 eV is blocked, so
the flight length was increased to 2 m to better investigate this
new feature.
Figure 4 shows the P(ET) distributions of C2H5O obtained at
5.96 eV at flight lengths of 1 m (solid) and 2 m (dotted). The
distribution at 2 m is now dominated by the low-energy feature,
which appears to peak at an energy even lower than 0.3 eV.
Note that the error bars for the data with a 2 m flight length
increase dramatically above 1.0 eV due to the poor collection
efficiency of the fragments, because many of the lighter
fragments (H2O) miss the detector.
D. Ab initio Calculations. Dissociation from any of the
C2H5O isomers to C2H3 + H2O has not been previously
considered in ab initio studies on this system, so we performed
our own calculations to find and characterize a plausible
transition state leading to these products. Using the MP2 method
with a 6-31G* basis within the GAUSSIAN 92 suite of

programs,46 we located the four-centered transition state (I)
leading from 1-hydroxyethyl to C2H3 + H2O. The geometry of
the transition state (TS) is shown in Figure 5. This TS has one
imaginary frequency, involving the hydrogen (H5 in Figure 5)
motion between O and C atoms and the C-O stretch. To find
the relative energy of this species with respect to the ethoxy
radical, we carried out a calculation for ethoxy radical at the
same level of theory and found the TS to lie 3.23 eV above the
ethoxy radical.
Figure 6 shows the relative energies of ethoxy, 1-hydroxyethyl
(CH3CHOH), and 2-hydroxyethyl radicals using the calculations
by Curtiss et al.36 for the isomer energies, our result for the
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Figure 5. Geometry and energy of the four-centered transition state
at the MP2/6-31G* level of calculation. Bond length is in Å, bond
angle is in degrees, and energy is in Hartrees. ∠ABCD corresponds to
the dihedral angle between ABC and BCD planes.

Figure 6. Potential energy diagram for C2H5O. Relative energies of
C2H5O isomers and isomerization barrier heights on the ground state
are obtained from refs 18 and 36 except for the four-centered transition
state, which is from the present work. Filled boxes represent absorption
bands observed by us for the ethoxy radical (C2H5O) and by Anastasi
et al.31,32 for the 1-hydroxyethyl (CH3CHOH) and the 2-hydroxyethyl
(CH2CH2OH) radicals. Relative energies for the photoproducts are
determined using values in refs 52-54.

four-centered transition state, and the isomerization barrier
heights calculated by Hoyermann et al.18 For the three stable
isomers, we also show the energy interval over which electronic
excitation was observed based on our PFY spectrum (for ethoxy
radical) and the absorption spectra by Anastasi et al.31,32 for
the other two radicals.
IV. Discussion
In this section, we consider the origin of the diffuse band in
the PFY spectrum and the dissociation mechanism associated
with excitation of this band.
A. Origin of the Diffuse Band in the PFY Spectrum. Our
PFY spectrum shows a broad band extending from 270 to 220
nm, with intensity jumps at 260 nm and 225 nm. This band
lies well to the blue of the B̃2A′-X̃2A′′ transition, a highly
structured band covering 342-311 nm that has been seen
previously using laser-induced fluorescence. It therefore appears
likely that we are observing a new electronic transition in C2H5O
rather than the blue tail of the B̃ 2A′ f X̃ 2A′′ transition.
The B̃ 2A′-X̃ 2A′′ transition in ethoxy is similar to the wellstudied Ã 2A1-X̃ 2E transition in the methoxy (CH3O) radi-
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cal.20,47 Both occur in approximately the same energy range and
show significant vibrational activity in the C-O stretch (ν3 in
CH3O, and ν10 in C2H5O), and both have been assigned to
excitation of a C-O σ-bonding electron into a half-filled pπ
localized on the O atom. More specifically, the ground state of
C2H5O has the electronic configuration ...(8a′)2(2a′′)2(9a′)2(10a′)2(3a′′)1. The 3a′′ and 10a′ orbitals are O pπ orbitals, the
9a′ orbital is the C-O σ orbital, and the B̃ 2A′ f X̃ 2A′′
transition corresponds to 3a′′ r 9a′ excitation. The PFY
spectrum in Figure 1 appears to consist of two electronic bands,
with the higher-energy band commencing at 225 nm. We
tentatively assign these two bands to excitation of the 2a′′ (C-H
σ of CH3 component in C2H5O) and 8a′(C-C σ and C-O σ)
electrons to the half-filled O pπ orbital.
Note that the Ã 2A′ state of ethoxy is also formed at the
photodetachment energy used to generate the radicals. This state,
which lies only 350 cm-1 above the ground state,29 has the
electronic configuration ... (10a′)1(3a′′)2 and differs from the
X̃ 2A′′ state only in the orientation of the half-filled O pπ orbital.
Hence, transitions originating from the Ã 2A′ state should also
contribute to the PFY spectrum in Figure 1. However, based
on the above assignment, the upper state will be the same as
for the transitions originating from the X̃ 2A′′ state. We thus
expect that bands originating from the two states should be
separated by only 350 cm-1, and the excited-state dynamics
will be the same.
There are two additional points of interest concerning the
ethoxy PFY spectrum. First, the band in Figure 1 is remarkably
similar, although not identical, to the electronic absorption band
assigned by Anastasi et al.32 to the 2-hydroxyethyl (CH2CH2OH) radical. In their experiment, a transient absorption feature
resulting from the reaction of OH with C2H4 was assigned to
collisionally stabilized CH2CH2OH adduct. However, the calculations by Schlegel et al.34 show that the isomerization barrier
for CH2CH2OH f CH3CH2O is comparable to the entrance
channel barrier for addition of OH to C2H4. This calculation
suggests that some isomerization to ethoxy could occur in the
experiment by Anastasi et al. Such a process would explain the
similarity between our PFY spectrum, which originates solely
from ethoxy radical, and their transient absorption spectrum.
Our observation of the ethoxy band in Figure 1 also resolves a
discrepancy in the product branching ratio of the F + C2H5OH
reaction, for which Anastasi et al. find a lower value for CH3CH2O production relative to CH2CH2OH and CH3CHOH than
in previous work that used isotopic labeling to distinguish among
product isomers;48 Anastasi et al. obtained their branching ratios
by analyzing the transient absorption from 300 to 225 nm and
assuming the ethoxy absorption in this region was negligible.
Finally, we consider the absence of dissociation from the B̃
2A′ state of ethoxy. As mentioned above, this state is similar to
the Ã 2A1 excited state of CH3O, which is known to undergo
predissociation to CH3 + O when six or more quanta are excited
in the C-O stretch;47 this corresponds to 3791 cm-1 of
vibrational excitation in the upper state.49 The 360 transition in
CH3O exhibits a shorter fluorescence lifetime than lower-energy
3n0 transitions,50 consistent with the onset of predissociation for
the ν3 ) 6 upper level. The predissociation results from a
crossing between the bound Ã 2A1 state and several repulsive
states leading to CH3 + O.51
Because of the similarity between the Ã 2A1 state of CH3O
and the B̃ 2A′ state of C2H5O, the possibility of predissociation
on the B̃ 2A′ state of the ethoxy radical was pointed out by
Inoue et al.22 In the ethoxy radical, the origin of the B̃ 2A′ r
X̃ 2A′′ transition at 29 204 cm-1 is 2446 cm-1 lower in energy
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than the Ã 2A1 r X̃ 2E transition in methoxy (T0 ) 31 650
cm-1),49 and the dissociation threshold for C-O bond fission
is about 900 cm-1 higher in ethoxy (31 620 cm-1). As a
consequence, the highest-energy ethoxy transition seen by laserinduced fluorescence26 at 32 139 cm-1 results in an excited state
with five quanta in the C-O bond that lies only 520 cm-1 above
the C2H5 + O asymptote, whereas the ν3 ) 6 level of the Ã
2A in methoxy lies 4738 cm-1 above the threshold for
1
dissociation to CH3 + O.47 Thus, if the repulsive states
correlating to this asymptote are similar to those in methoxy,
considerably more excitation in the C-O stretch is needed in
ethoxy for predissociation to occur, and the Franck-Condon
factors for these transitions may simply be too small to be
observable in our PFY spectrum.
B. Dissociation Mechanism. In our experiment, channel (4)
(C2H5O f C2H3 + H2O) is observed as a major dissociation
channel resulting from excitation of the band in Figure 1. This
result is somewhat surprising, given that several channels (2,
3, and 6) involving simple bond fission are accessible in this
energy range. Although we cannot easily detect H atom (or H2)
loss with our coincidence scheme, the mass spectra with isotopic
substitution in Figure 2 indicate that channel 4 dominates over
channels 2, 5, and 6.
For the ethoxy radical to dissociate into C2H3 + H2O, two
hydrogen atoms must migrate from the carbon atom to the
oxygen atom of the ethoxy radical before the dissociation. If
we exclude the possibility of migration of two hydrogen atoms
at the same time, the reaction path must pass through either the
1- or 2-hydroxyethyl structures en route to the possible transition
states (TS) such as a four-centered (I) or three-centered (II)

transition state. We consider possible dissociation mechanisms
under this assumption.
First, we consider whether the first step in the dissociation
mechanism is internal conversion of the electronically excited
ethoxy radical to its ground state, followed by isomerization
through either the 1- or 2-hydroxyethyl radical, passage through
one of the above TS structures, and dissociation:
IC

CH3CH2O*98 CH3CH2O f CH3CHOH f TS f
C2H3 + H2O (A)
IC

98 CH3CH2O f CH2CH2OH f TS f
C2H3 + H2O (B)
Figure 6 shows the relative energies of ethoxy, 1-hydroxyethyl, and 2-hydroxyethyl radicals and the isomerization barrier
heights. The barriers to isomerization to either hydroxyethyl
radical (1.1-1.3 eV) are higher than those for dissociation of
ethoxy to CH3 + CH2O and H + CH3CHO (0.8 and 1.0 eV,
respectively). Hence, dissociation to these two channels rather
than isomerization is expected, and this prediction is consistent
with experiments in which chemically activated ethoxy formed
by the O + C2H5 reaction dissociates exclusively to CH3 +
CH2O and H + CH3CHO rather than to channels such as OH
+ C2H4, which might be expected after isomerization to CH2CH2OH. Overall, it appears unlikely that the products we
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observe result from internal conversion to ground-state
ethoxy.
It is also possible that the excited ethoxy state isomerizes to
a ground-state hydroxyethyl radical, creating highly vibrationally
excited species that could then dissociate to C2H3 + H2O via a
three- or four-center transition state. However, C2H3 + H2O
has never been reported as a product from the OH + C2H4
reaction, in which 2-hydroxyethyl is formed as a reactive
intermediate; only channels 2 and 3 are seen. It therefore appears
that isomerization to ethoxy occurs followed by dissociation to
these channels. This result implies that the three-center TS
needed to form C2H3 + H2O from 2-hydroxyethyl is considerably higher than the barrier for isomerization to ethoxy.
Less is known experimentally about the ground-state isomerization and dissociation dynamics of CH3CHOH. However, the
isomerization barrier to go from 1-hydroxyethyl to ethoxy is
calculated to be 1.6 eV,34 so the four-center TS by which C2H3
+ H2O could be produced from CH3CHOH would have to be
substantially lower for this channel to dominate. Since the fourcentered TS identified in our ab initio calculation lies 3.65 eV
above CH3CHOH, this mechanism can be ruled out.
These considerations lead us to propose that both isomerization and dissociation involve electronically excited potential
energy surfaces, that is,

CH3CH2O* f CH3CHOH* f TS f C2H3 + H2O

(A′)

f CH2CH2OH* f TS f C2H3 + H2O

(B′)

For either A′ or B′ to occur, isomerization and passage through
the TS must be faster than either dissociation or internal
conversion in the electronically excited ethoxy and hydroxyethyl
radicals. These conditions imply that the excited states are bound
with respect to dissociation and that the isomerization barriers
and TS energies are relatively low.
Little is known about the hydroxyethyl excited states other
than the absorption spectra measured by Anastasi et al.31,32
Figure 6 shows the range over which electronic excitation of
ethoxy and the two hydroxyethyl radicals occurs based on the
spectra of Anastasi et al. and the ethoxy PFY spectrum measured
here. From this figure, it certainly appears that isomerization
to electronically excited CH3CHOH is energetically favorable,
whereas the excited states of CH2CH2OH and ethoxy are much
closer in energy. The key issue here, and the one about which
the least is known, is the set of barrier heights for isomerization
and for the TS for dissociation to C2H3 + H2O. Given that
isomerization to excited CH3CHOH is more downhill energetically than for ground-state ethoxy to ground-state CH3CHOH,
one certainly might expect a lower barrier for the excited-state
process. Once in this excited state, there is certainly enough
energy for dissociation to C2H3 + H2O, but the TS along this
reaction pathway must be low enough in energy for this channel
to dominate over other energetically allowed channels. We again
point out that we cannot observe H or H2 loss with our detection
scheme, so these could be major channels as well. In any case,
it is clear that detailed ab initio calculations on the excited states
of ethoxy and its isomers are needed to verify the proposed
excited-state dissociation mechanism.
Finally, we consider the possible role of electronically excited
products in the photodissociation of ethoxy. The vinyl radical
has three low-lying excited electronic states. Two such states,
the Ã 2A′′ and C̃ 2A′ states, have been observed in absorption
spectra,52,53 and the B̃ 2A′′ state was theoretically identified.54
In our experiment, the production of these three excited states
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is energetically possible as follows:

C2H5O (X̃ 2A′′) + hν f C2H3(X̃ 2A′) + H2O(X̃ 1A1)
∆rH0 ) 0.69 eV

(I)

C2H3(Ã 2A′′) + H2O(X̃ 1A1)
) 3.17 eV (II)
C2H3(B̃ 2A′′) + H2O(X̃ 1A1)
) 4.85 eV (III)
C2H3(C̃ 2A′) + H2O(X̃ 1A1)
e 5.9 eV (IV)
The arrows in Figure 4 (hν ) 5.96 eV) indicate the maximum
kinetic energy for each of these channels. The signal at ET g
2.8 eV must be from ground-state products. The remainder of
the signal down to ET ) 0.3 eV cannot be assigned to a
particular channel with any certainty. However, the low-energy
feature at ET e 0.3 eV evident in Figure 4 as well as the P(ET)
distributions shown in Figures 3 at photon energies g5.51 eV
most likely do correspond to electronically excited C2H3. Based
on the above energetics, channel III is the closest lying channel
that is open at all photon energies where this feature is observed.
However, the dissociation energy given for channel IV is based
on the red edge of the broad absorption spectrum observed for
the X̃ 2A′ r X̃ 2A′ transition of C2H3 radical and is only an
upper bound. Therefore, channel IV cannot be excluded as the
origin of the low-energy feature. In any case, the appearance
of the low-energy feature in the P(ET) distributions coincides
with the abrupt increase in the PFY yield at 225 nm, indicating
that the excited state of ethoxy radical accessed at that
wavelength preferentially dissociates to either III or IV.
V. Conclusions
The photodissociation spectroscopy and dynamics of ethoxy
radicals were studied using fast radical beam photofragment
translational spectroscopy. The photofragment yield (PFY)
spectrum in the range of 270-220 nm is structureless but clearly
exhibits abrupt increases in intensity at 260 and 225 nm. These
are tentatively assigned as two different electronic transitions.
No significant dissociation signal was observed in the region
where the fluorescence from the X̃ 2A′ f X̃ 2A′′ transition of
C2H5O radicals was observed, indicating that the X̃ 2A′ state of
C2H5O is not dissociative.
The photofragment mass distribution shows that the major
dissociation channel is C2H3 + H2O. Most of the P(ET)
distributions for C2H3 + H2O from C2H5O dissociation show a
single feature, peaking around 0.7 eV and extending up to 4
eV. However, at photon energies beyond the onset of the second
electronic band (225 nm or 5.51 eV), a new feature appears at
ET e 0.3 eV that is attributed to production to an excited state
of C2H3.
The observation of C2H3 + H2O products is surprising,
because two hydrogen atoms must move before the dissociation.
We propose a dissociation mechanism in which the excited
ethoxy radicals isomerize through excited states of either the
1- or 2- hydroxyethyl radicals and then undergo dissociation to
C2H3 + H2O. Confirmation of this mechanism would be greatly
aided by further ab initio work on the excited states of ethoxy
and its isomers.
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