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The photodissociation spectroscopy and dynamics of the methoxy rad®l)A— X(2E) transition have

been investigated using fast radical beam photofragment translational spectroscopy. sTate Af both

CH;0 and CRO is observed to predissociate via curve crossings with one or more repulsive electronic states.
The photofragment yield spectrum consists of thestretch progression and combination bands based on
this mode. The major product channel is Q&D3) + O, with a threshold 3775 cm above the zero-point

level of the Astate. The product translational energy distributions revgalmbrella excitation in Chl

(CDs), yielding considerable insight into the dissociation dynamics for this channefOGBows a mode-
specific dynamical effect in which energy deposited in parent umbrella motion preferentially populates umbrella
motion in the fragment. The product channels,CHOH (CD, + OD) and D+ CD,O are also observed,

with evidence that the methylene fragment is predominantly in the exé&{léd) state.

I. Introduction

The methoxy radical (CkD) is a remarkable molecule and Vi (@) vz (@) V(@)
has become one of the most widely studied polyatomic free
radicals since it was first observed in emission of ethyl nitrate

photoly3|§ in 1953. Methoxy has drawn such .|ntense scrutiny CHsymmetric  CH, umbrella O stretch
because it serves as a paradigm for a surprisingly large number stretch
of fundamental physical and chemical interactions. It is

important in the atmosphere due to its participation in smog

chemistry and is an intermediate in the combustion of cool v e) ¥s () Y6 (©)
flames of methané pxygenated fuels containing GEH, and

fuel-lean ignition processés.Although not yet detected in

interstellar gas, it is quite likely that GB exists in this medium

) . X CH asymmetric scissors CHj; rock
because its close relatives gbH and CHO are found in tretch ’
abundancé. Figure 1. Vibrational normal modes of Ci®.

In the field of photodissociation dynamics, the rich photo-
chemistry of methoxy provides archetypal cases of two distinct
dissociation mechanisms. On the ground state surface, dis-
sociation to H+ CH,O is impeded by an activation barrier.
Stimulated emission pumping (SEP) experiments show narrow
resonances both below and above the barrier, addressing th
long-standing question of mode-speciiis statistical unimo-
lecular decompositiof. In a preliminary report,we presented
the first unambiguous evidence for predissociation of;GH
following excitation of the ultraviolef £A1) — X (2E) transition.
In contrast with barrier-impeded ground state dissociation, U
dissociation of methoxy, yielding GHt O, provides a textbook
example of predissociation via coupling to purely repulsive == ! o ) . i
excited state potential energy surfaces. In this paper we give gactive in t_he Astate, in addition to the three totally symmetric
full exposition covering our experiments on the ultraviolet (82) Vibrations g1, vz, andvs); the normal modes for the six
photodissociation dynamics of G& and CRO. vibrations are shown in Figure 1. The rgsultlng spectrg are

Although the literature on C¥D is quite extensive, the most rather complex, even a}t the very Iovv_ r(_)tat|onal ar_ld V|brat|ona_1l
germane works from the viewpoint of photodissociation dynam- tgmpgraturéa achieved in a supersonic jet expansion. Extensive
ics are the spectroscofié! and theoretical investigatio??s4 vibrationaf® and rotation#P,*° analyses of the A— X laser-
of the rotational, vibrational, and electronic structure of methoxy. Induced fluorescence (LIF) spectrum give the accepted value

OTES ) SPEE :

Within the Cs, point group, the CED ground state is of E  ©f the rovibronic band origiffo = 31 614.51 cm™.

symmetry due to a 2-fold electronic degeneracy. Consequently, All €xperimental and theoretical investigations agree that the

CHsO is subject to vibronic coupling via the Jahmeller main progression in the A- X transition is the 662 cm v3

effect42in which nuclear motion along one (or more) of the Mede, the €O stretch. The extended Franekondon pro-

e symmetry vibrations splits the electronic degeneracy. In dressionin this mode arises from the large change-#d®ond
length between ground and excited states)(= 1.58 A —

* Current address: JILA, Campus Box 440, Boulder, CO 80309-0440. fco’ = 1.37 A).-ZS The increase imco results from excitation

® Abstract published ilddvance ACS Abstractguly 15, 1997. of a COo-bonding electron to a nonbondiipg orbital localized

addition, the unpaired electron spin can couple to the magnetic
field generated by the electronic orbital motion around the
symmetry axis. As a result, methoxy is a prototypical example
of the complications that arise when both Jafieller and spin
Srbit effects must be treated togetHér.

The spectroscopy of CGi is far from straightforward, with
a substantial amount of controversy surrounding the proper
values of the spectroscopic parameters. As noted by Fester
al., there has been a great deal of confusion in determining
y the true location of the Pband in the AA;) — X(’E)
transition. These difficulties arise in part from the fact that all
three non-totally symmetric (e) vibrationss( vs, andve) are

S1089-5639(97)00696-8 CCC: $14.00 © 1997 American Chemical Society
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Figure 3. The fast radical beam translational spectrometer. The dotted
line separates the radical production section on the left from the
photodissociation section on the right. The flight distahdeetween

the dissociation laser and a detector is 0.68 m for the TOF detector
CH; X(2Ay) + O(P) and either 1.00 or 2.00 meters for the TPS detector.
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all photon energies. The formation of @H OH via channels
Il and/or Il is observed as a minor product channel inzOH

Potential Energy (eV)

2 3BV photodissociation. The corresponding channels are also ob-
‘ served with CRO. As discussed elsewhefedetection of H
| CH,0 X('A,) + HCS) atom loss is difficult though not impossible with our apparatus.
—_— For methoxy we have evidence that channel IV plays a very
l minor role in methoxy dissociation at high photon energies.
0 >

T T > Our experimental results for both isotopes are presented in
Disso 121 13 CM 11'.5 e RHAC-0) (A) section Il and analyzed in section IV. In section V we discuss
1ssocation L-oordinate R(Hst— ( the dissociation dynamics of methoxy in light of the experi-

Figure 2. SchematicCs, potential energy surfaces for the methoxy mental distributions and comment on the possibilities for further
radical as a function of CO bond length. investigations.

on the oxygen atom, leaving essentially ha_If a CO bond in the || Experimental Section

A(%A,) state. However, due to the complexity of the spectrum, ] . )

the vibrational frequencies for several of the other modes have ~The experimental apparatus used in these studies, the fast
proved difficult to evaluate, although two recent investigations Peam photofragment translational spectrometer (Figure 3), has
appear to have settled all the major discrepar%és. There ~ been described in detail elsewherg*® and only a brief

has also been considerable variation in the reported values ofdescription is given here. In order to produce a well-character-

the A state fluorescence lifetimi@.171922 The most recent ized sample of free radicals, we rely on the fact that open-shell

measurements (obtained under collisionless conditions) for theSPecies have positive electron affinities and form stable negative
v3 progression giverr (3}, n < 6) ~ 2 us, TrL(3Y) = 0.35- ions. The neutral free radical of interest is generated by laser

0.38 s, andrFL(3g) < 0.02us photodetachment of the mass-selected negative ion precursor

Jackels performed the first systematic theoretical investigation 21d subseqguently photodissociated by a second laser:
of the many excited electronic states of 3 In addition hwy hw,
to the bound X?E) and A(?A;) states, he reported three CH,O" — CH;0 + e — fragments ()
electronic states dfA,, “E, and?A, symmetry which are purely
repulsive along the €0 coordinate, shown schematically in  Consequently, the apparatus in Figure 3 is divided into two main
Figure 2. The curve crossing between the lowest of these stategegions. In the first region ions are generated and photode-
and the Astate was predicted to lie at 36 500 Tinslightly tached, while radical photodissociation occurs in the second
above the energy of theg Fansition. More detailedb initio region.
investigations, including the coupling strengths between different Methoxide ions are formed in a 60 Hz pulsed supersonic
excited electronic states, have recently been undertaken byexpansion of CEOH seeded in 5 atm Ne at room temperature.
Pederson and YarkofYand by Cui and Morokum#. A pulsed electric discharge in the throat of the expansion creates

There are at least four photodissociation product channels negative iong? which cool both rotationally and vibrationally
open to methoxy at the excitation energies used in this study: during the expansion. The ions are accelerated to 8000 eV
laboratory energy and mass selected by the Bakker time-of-
flight (TOF) methoct® The output of a pulsed dye laser
intersects the ion beam at the appropriate time such that only
methoxide ions are photodetached. Furthermore, the detachment
energy is just above thresh8lthy = 1.71 eV for CHO, hv =

0 1.66 eV for CRXO), so that methoxy is created only in its ground
- . vibrational state.
CHZ(X(SBl)) + OH(X(ZH)) AHyno=4.10£0.05eV In the second region of the apparatus, a frequency-doubled
(D} pulsed dye laser, operating between 35-680 500 cnt! with
1 < a bandwidth of 0.3 cmt, intersects the packet of methoxy

CH,(a("A,)) + OH(X(IT)) AH,,0=4.49£0.05eV  radicals. The dissociation laser is calibrated against the absorp-

CHO(X(E)) = CHO(ACA,) —

CHy(X(*A) + OCP) AH__ .= 3.807+ 0.013 eV

rxn,0

(1) tion spectrum of 4,5 with an absolute accuracy of 1 cth
. Fragments from a photodissociation event are detected directly,
CH,O(X(*A)) + H(S AH,0=0.78+0.07 eV without an ionization step, using one of two microchannel plate
(Iv) (MCP) detectors. An aluminum strip across the center of each

detector prevents undissociated radicals from striking the MCPs,
The energetics are based on the heat of formation of methoxyso that all signal observed is due to recoiling photofragments.
AH?% o(CH3z0) = 0.29+ 0.02 eV (6.8+ 0.4 kcal/mol) found in Three types of experiments are performed to characterize the
our preliminary investigationand the literature values for other  photodissociation of methoxy. First, photofragment yield (PFY)
species® Channel | is the major product channel for &Mat spectra are obtained by monitoring the total flux of fragments
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Figure 4. Photofragment yield spectrum of GBI. The 60 cm?* spin— Photon Energy (cm™)

orbit splitting between th&Ep, P = 3/,, 1, levels of the Xstate is shown. Figure 5. Photofragment yield spectrum of GO.

at the TOF detector, located 0.68 m from the dissociation laser, vibrational progressions superimposed on a small but finite
as a function of laser wavelength. The resulting spectrum is continuum of photofragment signal. No signal was observed
complementary to absorption and fluorescence measurementsbelow 35 300 cm!. Rotational resolution was not a priority
Second, after the PFY spectrum is acquired, the photodisso-in this study, and although it has been resolved, such spectra
ciation laser is fixed at a specific energy, and both fragments are very congested, in part due to the estimated rotational
arising from a single parent radical are detected in coincidencetemperatures of 3550 K in the radical bearP®55 Therefore,
using a time- and position-sensitive (TPS) wedge- and strip- a relatively large laser step size o6 cnr! was adopted to
anode detectd¥>>3located 2.0 m from the dissociation laser. allow increased signal averaging at each photon energy.
Due to the favorable kinematics of this fast beam experiment, However, because of the underlying rotational structure, each
the data may be directly inverted to produce the two-dimensional- individual scan was offset slightly in energy from the previous
coupled translational energy and angular distributgkr,0) data in a given scan range in order to average over rotational
whereEr is the center-of-mass relative translational energy of features, which might otherwise provide spurious structure since
the recoiling fragments and is their scattering angle with  the laser step size is larger than the laser bandwidth (0-3)cm
respect to the electric field of the linearly polarized dissociation  The two progressions in Figure 4 have a spacing=d300

laser. This distribution can be separated according to cm1, implicating progressions involvings, the CO stretch (see
Figure 1). The CO stretching mode also dominates the
P(E;,0) = P(E){ 1+ B(E;)P,(cod)} (2) absorption and LIF spectra, where it has a fundamental

frequency ofvz = 662 cnT130 The two progressions we

into the angle-independent translational energy distriburi{&s) observe are assigned as the pure CO stretkn 3= 6—13),
and the energy-dependent anisotropy pararffgb¢Er), which and a combination band)&, (n = 5—10), which involves one
describes the angular distribution of fragments. The high quantum of the nontotally symmetric methyl rock vibration. The
laboratory kinetic energy of the fragments affords an MCP assignment of the combination band differs from that presented
detection efficiency of~ 50%, which is independent of the in our preliminary investigatiohand is discussed in section
identity of the fragment (except for H or D atoms, as noted |V.A. On a finer scale, each peak shows a splitting of
below). For the experiments presented here, the translationalapproximately 60 cmt (see Figure 4), corresponding to the
energy resolution is given b¥Er/Er = 2.2%. This coincidence  spin—orbit splitting between théEs, and2Ey;, components of
detection scheme is only feasible when the mass ratio of thethe ground electronic state. Both spin components are present
two fragmentsmy/m, < 5. because each represents an allowed transition in the photode-

Because of this restriction, detection of channel IV requires tachment of CHO (!A1). However, the “hot” spir-orbit
a different approach. The third mode of operation is a distribution does not imply a hot vibrational distribution. In
noncoincidence experiment, in which the time-of-flight of the fact, the photoelectron spectrum of @bt (acquired on a
photofragments is recorded by digitizing the signal from the different apparatus but with the same ion source) shows no hot
TOF detector in 1 ns time birf§. The observable is a projection  bands, implying that all the ions are in their vibrational ground
of the 3-D velocity distribution onto the radical beam axis, state3® To aid in comparison with LIF spec#®!6.23-28.30 of
averaging out much of the detail which is present in the full jet-cooled methoxy, which probed only transitions from the
P(Er.0) distribution. In exchange for this sacrifice of detail, lower2E;, component of the ground state, the vibrational combs
hydrogen atom loss channels are particularly distinct becausein Figure 4 are centered on those transitions originating in the
of the large spread in flight times for H (or D) atoms scattered 2E;, component.
parallel and antiparallel to the ion beam direction. Given  Figure 5 shows the corresponding PFY spectrum for the
sufficient data, a Monte Carlo forward convolution routine can CD;O radical. The general features of the spectrum are
be implemented to determine translational energy and an9U|arana|ogous to CkD, 3 is the main progression and is ac-
distributions which are consistent with the TOF data. In companied by a combination band. However, the continuum
practice, the experiment is much more sensitive to D atoms thansjgnal underneath the vibrational structure is more intense at
H atoms, and this experiment has only been performed for |gwer energies for CED than for CHO. In addition, the

CDy0. Even for D atoms, the detection efficiency®8% is  combination band observed for @D is assigned to a different
significantly reduced from that of “heavy” fragments such as progression involving umbrella motion3, as discussed in
CH. section IV.A.

Il Results B. Translational Energy and Angular Distributions. The

photofragment translational energy distributid?(&r) arising

A. Photofragment Yield Spectra of CH;O and CD3O. from CH;O and CRO, are given in Figures 6 and 7 for
The PFY spectrum shown in Figure 4 (first reported in ref 7) is excitation of several vibrational levels shown in the PFY spectra
a direct observation of photodissociation in théAy) — X- of Figures 4 and 5, respectively. The translational energy is
(°E) transition. The spectrum is composed of two prominent binned in intervals of 10 meV. For photon enerdies< 37 500
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Figure 6. P(Er) distributions for CHO. Circles show CH+ O data,
crosses show CHt+ OH data, while the line represents the fit to €H

+ O discussed in the text. Thermodynamic thresholds are given for
CHz + O (= =), CH; X(®By) + OH (-++), and CH &(*A;) + OH (- —).
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Figure 7. P(Er) distributions for CRO. The legend is identical to
Figure 6.

cm?, all signal arises from simple -©@0 bond fission,i.e.,
channel I. Most of the available energy is deposited into

Osborn et al.

Intensity

Fragment Mass (amu)

Figure 8. Photofragment mass spectrum excitirﬁ 8f CH;O (—)

and 40 230 cm! of CD3O (--+). Note that forEr > 0.5 eV, the
deuterium isotope has the broader fwhm, implying fragmentation to
channel |, while folEr < 0.5 eV the hydrogen isotope has the broader
fwhm, implying fragmentation to channels Il and/or Ill. The peak
heights are normalized to unity and do not represent branching ratios.

All of the P(Er) distributions presented arise from excitation
of the2E, level of the Xstate. Excitation from théEy, levels
exhibits identical behavior, which is to be expected since the
level excited in the £2A ) state is identical. In additio(Er)
distributions acquired at three different photon energies within
the rotational envelope of thel dand of CHO show no
significant differences. Therefore, further investigations of the
dependence of the photodissociation dynamics on the excited
state rotational level were not pursued.

For hw > 37 500 cnt?, the structured features in tHEr)
distributions arising from €0 bond fission remain, but a new
feature is observed in both isotopes r < 0.5 eV which is
due to production of CkHl+ OH (CD, + OD). The evidence
for this new channel is shown in Figure 8, which gives the
product mass spectra of GB and CRO for 3%3 and 40 230
cm™! excitation respectively, divided into contributions ¢
> 0.5 eV ander < 0.5 eV. The comparison between the two
isotopes is useful because the product mass resolution is not
sufficient to unambiguously resolve peaks arising from,CH
CHs, O, and OH. Although only a single peak appears in the
mass spectra, the width of this peak depends on the product
masses.

For CDsO the two fragments have masses 16 and 18

translation of the recoiling fragments, because the distributions regardlessof whether channel | (CP+ O) or channel I/l
peak near the maximum translational energy available (see(CD, + OD) is produced, resulting in an identical product mass

section 1IV.B) as denoted by the dashed vertical line in each
distribution of Figures 6 and 7. The most striking feature in
the CHO P(Ery) distributions is the progression with a spacing
of ~74 meV (600 cm?), which is easily seen in the)lata
sets (1 = 7). As detailed in section IV.B, these features arise
from excitation of thev, umbrella mode of the Ciifragment.
Note that the vibrational features are much less distinct in the
P(Er) distributions from the 3and 36; bands.

In the CyO P(Er) distributions (Figure 7), most of the
available energy again goes into product translation, with a
product vibrational progression ok57 meV (460 cm?)
observed, corresponding to excitation of theumbrella mode
in CD3; photofragment. The most surprising results in Figure 7
are the product state distributions observed when g 3
combination band is excited. In section IV.B, we will show
that theseP(Er) distributions are the result of a bimodal
distribution in thev, mode of CI3, with the two most intense
peaks corresponding to, = 0 andv, = 2. Note the stark
contrast between the distributions arising frof3excitation
of CDs0 and those arising from&; excitation of CHO.

spectrum regardless of the branching ratio between these two
channels. In CkD, the analogous decay pathways have product
masses 15 and 16, or 14 and 17, respectively. Therefore,
formation of channel | should give rise to a narrower peak for
CH30 than for CRRO, while channel 1I/11l products will give a
broader peak for CkO than for CRO. From these consider-
ations, the only conclusion consistent with the results in Figure
8 is that channel | products dominate f6f > 0.5 eV, while
channel II/lll products dominate whefr < 0.5 eV.

The branching ratio of Cgl+ O:CH, + OH decreases with
photon energy and is 3:1 for}ﬁ.% The same trend occurs in
CDs0, where the extreme case of excitationhat= 40 230
cm~*results in a branching ration GB- O:CD, + OD of ~1:

1, as shown in Figure 7.

In all the data sets acquired for methoxy, the anisotropy
parameter$(Er) is independent ofEr. For CHO, the 3
transitions show angular distributions which are isotropic to
within experimental error, while the )& transitions are
slightly anisotropic, described ky = 0.4 + 0.1 for £6$ and
B = 0.3 + 0.1 for 365 These positive values of are
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unexpected for a perpendicular electronic transition and are However, our dynamics results discussed in section V.B.1,

discussed further in section V.B. In GD, all the transitions
give isotropic angular distributions within experimental error.
C. Noncoincidence Time-of-Flight Distributions. As

mentioned in the experimental section, a noncoincidence experi-

together with recent fluorescence depletion spectroscopy re-
sults# suggest that the combination band observed in dissocia-
tion involves thevg methyl rocking mode rather than. The
336; transition measured by L#¥ occurs at 35 673 cr,

ment must be performed in order to assess the importance ofcompared with 35 666 cm in the PFY spectrum.

the hydrogen atom loss pathway, channel IV. In our preliminary
work on methoxy, we reported a branching ratio for channel
IV in CD30 of 2%'3, and 10%2° for the 3 and 3° bands,
respectively. The experiments were repeated recently, and the
data again show evidence of D atom loss fromzODbut with

less intensity than our earlier data. On the basis of our
experience with photodissociation of the vinoxy radical, in which
D atom loss is a major chann®ljt appears that the branching
ratio for CD,O + D is smaller than the values reported
previously, representing no more than 5% of the branching ratio
at %0. In any event, this decay channel seems to be of minor
importance in methoxy, at least for the photon energy range
used in this experiment.

IV. Analysis

A. Photofragment Yield Spectra of CH;O and CDs0.
The rovibronic term valu@, for the A(2A;) — X (2E) transition
in CH3O was given by Liuet al2> as 31 614.51 cmi from
rotational analysis of the combined LIF and microwkhaata.
The effective @transition,i.e., including spir-orbit splitting,
measured from the lowest level of tREs; component of the
ground state, is 31 644.6 cth It is convenient to use this
value when comparing the vibronically resolved?A;) —
X(%E32) components in our PFY spectra with jet-cooled LIF
experiments, in which all transitions originate from g,
component.

The significant increase in CO bond length for the-AX
transition gives rise to an extended Frafn€kondon progression

The PFY spectrum of CED (Figure 5) shows some interest-
ing differences from that of C#D. Assignment of the 3
progression is straightforward, due to the small isotope shift in
this mode {'3 = 663 cnT1).22 However, the combination band
we observe is more difficult to assign. While one might expect
that the same{8;, progression found in C4® will be active in
CDs30, this assignment gives poor agreement with the data.
Specifically, thevs fundamental in CBO is reported as 1047
cm~1,22 and we estimate the; fundamental as 693 crh (based
on the measured isotope shiftig). From our observation of
the 3 transition at 35 404 cri, we expect the 25 transition
at~ 36 451 cntl, which is in fact a minimum between two
peaks in Figure 5, and thé€@ transition at~ 36 097 cn?,
which lies on the blue edge of th¢g Bansition. By contrast,
the v, fundamental (CRO umbrella) is 971 cmt, from which
the $2; transition is predicted at36 375 cmil, in better
agreement with the first peak at 36 330 chin the strong
combination band of CED. Therefore, we assign the combina-
tion band in the PFY spectrum of GD as 321, an assignment
corroborated by the dissociation dynamics discussed in section
V.B.2.

B. Translational Energy Distributions. 1. CHO. Analy-
sis of theP(Ey) distributions will focus primarily on the CH
+ O product channel, for which the most detailed information
is obtained. The main goals of the analysis are to determine
(i) the best value of the bond dissociation enebg¢CH;—0),

(i) the CH; fragment vibrational distribution, and (iii) a measure
of rotational excitation of the C¥ragment. The major analysis
results are unchanged from those presented previduzly,a

in the vz mode for both absorption and LIF measurements, and fuller description of the analysis is given here.

the same progression should dominate the PFY spectrum. While

fluorescence is observed in @Bl up to ~37 000 cnrl,
spectroscopic assignments from LIF are complicated in this

The balance of energy for photodissociation of methoxy is
given by

energy range due to spectral congestion and a Fermi resonancey + E,_(CH,0) = D,(CH,—0) + E; + E(CH,) +

betweenv, and 23 in the Astate. We assign the lowest energy
dissociative transition asg,?,corresponding to an energy 3775
cm L above the zero-point level of the #tate. This transition
represents the first dissociative member of the@gression,
which may also contain contributions fror§ 32;, 37 “25, etc.,
due to the Fermi resonance. On the basis of the most recen
rovibrationally resolved LIF dat#), the ?5 transition occurs at
35 437 cl, compared with 35 419 cm in our PFY spectrum.
The comparison of LIF with PFY transition frequencies agrees
to within experimental uncertainty when one considers that our
rotational temperature (3350 K) is greater than in the LIF
spectra (5 K), displacing the band maxima (which we measure)
from the true rovibronic origin. In addition, our laser step size
of ~6 cn! prevents us from determining band maxima more
precisely than this value.

In our previous analysis of the PFY spectrum of {CH we
assigned the combination band shown in Figure 435$ the

Ex(CHy) + Eso(O°P) (3)

whereEjy is the most probable rotational energy of the parent
radical, Ey and Er are the product vibrational and rotational
energy, anEsp is the spin-orbit energy of the oxygen atom.

'On the basis of a rotational temperature of 50 K, we estimate

Ent(CH30) = 35 cnTl. We can determinBg since we measure
Er directly, but only if we locate an energy in the(Er)
distribution for which the last three terms of eq 3 are zero. The
steep falloff in intensity on the high-energy side of each
distribution in Figure 6 is evidence for this thermodynamic limit,
in which all the available energy goes into product translation,
forming CHy(v = 0, J = 0) + OCP,). For each data set we
obtain an independent estimate § by extrapolating to the
energy where th@®(Er) distribution reaches zero intensity. An
average of these thresholds, deconvoluted from the experimental
resolution, gives the best value§(CH;—0) = 3.807+ 0.013

only feasible assignment based on the accepted vibrationaleV. From the known heats of formation of Gldnd O% we

frequencies of the Astate at that timé® Due to a recent
reassignmef? of the vg fundamental frequency in the ftate
(previously 595 cm?, currently 929.5 cm?), it is unclear from

the peak positions alone whether the combination band we
observe in the PFY spectrum of @Bl arises from thes (1403
cm™) or the v¢ mode. The ambiguity arises because the
3055 and 3716 progressions have nearly identical frequencies.

obtain the heat of formatioAH®; o(CH3;0) = 0.29+ 0.02 eV
(6.8+ 0.4 kcal/mol). Additional thermodynamic quantities are
derived from this value in ref 7.

In order to determine the product vibrational distributions,
the data are fit to a set of rotational/spiarbit distribution
functions separated by the accurately known term energies of
the CH; umbrella modé? The distribution function$,(Er) are
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TABLE 1: Product Branching Ratio for CH ;0 — CH3 + O
transition v (cm™t) fwhm?(meV) [Ey[(meV) v=0 v=1 v=2 v=3 v=4 v=>5

3(6) 35,419 68/63 12 84 a 1 0 0 0
3/ 36,037 47/39 14 82 a 1 0 0 0
3g 36,619 50/41 26 67 @ 3 1 0 0
3% 37,205 53/43 44 52 e} 7 1 0 0
3[1)0 37,774 53/43 73 35 45 16 4 1 0
313 39,384 73170 179 19 15 20 28 14 4
3563 36,268 53/45 10 87 n 1 0 0 0
306, 36,842 58/50 14 80 1 1 0 0 0

afwhm of vibrational peaks after deconvolution of experimental resolution. The left value in this column assumes production ofRaply O(
while the right value assumesa statisticaP@)(distribution (see text)t Average vibrational energy.

TABLE 2: Product Branching ratio For CD 30 — CD3 + O

transition hv (cm™) fwhm? (meV) [Ey[3 (meV) v=0 v=1 v=2 v=3 v=4 v=>5
3 35,404 80 62 37 38 14 7 4 0
3 35,996 47 48 39 46 10 4 1 0
33 36,590 51 65 28 47 17 5 2 1
3% 37,119 52 70 25 43 23 7 2 0
3P 37,679 63 88 18 39 28 10 4 1
3001 36,330 57 74 43 11 31 11 4 0
322% 36,934 51 69 47 11 27 12 3 0
332(1) 37,516 52 79 41 17 20 17 4 1

afwhm of vibrational peaks after deconvolution of experimental re

nearly Gaussian in shapgwith an asymmetric tail extending
to lower translational energy,e., toward higher rotational
energy. The shape of this function is identical for every
vibrational peak in a given spectrum. The model distribution,
F(Er) is given by

n

Zoanfn{ E; — (w — Dy — nw, — A);T}  (4)

n=

F(Ep) =

Here n labels the number of quanta in the €k, umbrella
mode, T is the fwhm of the combined rotational/spiorbit
envelope and instrumental resolution, andis the energy
difference between the maximum possiBiefor eachn { E;max

(n) = hv — Do — nwy} and the peak of theth rotational
distribution function. The coefficients, give the CH product
vibrational distribution, while the instrumental resolution can
be deconvoluted from the width to give an indication of the
energy balance between the last two terms of &% 3.

solufidwverage vibrational energy.

signal concurrent with the opening of the electronically excited
methylene channel implies that channel 11l is the major source
of CH, + OH. While it is energetically possible that the data
with 0.6 < Er < 0.78 eV for 3%is due to channel I, the mass
spectrum for this energy range implies that this data arises from
CHs; + O, as denoted by the symbols in Figure 6.

2. CDsO. A similar data analysis is undertaken for the £D
+ O product channel in the deuterated species, with the results
given in Table 2. Deuteration lowers the frequency of the
methyl radical umbrella mode from 606 to 458 thi! which
explains the less-resolved vibrational structure observed in the
top two panels of Figure 7. Two important differences are
observed in comparison to GB dissociation. First, for a given
level of excitation in the @progression, the CPvibrational
distributions are substantially hotter than those observed far CH
Second, the vibrational distributions for thg23 series are
bimodal, with the population of, = 0 andv, = 2 always
greater than that far, = 1. The origin of these effects will be

The solid line in Figure 6 shows the best nonlinear least- discussed in the next section. Fitting all the data sets foGCCD
squares fit to each data set, with the results given in Table 1. gives the best value dby(CDs—0) = 3.85+ 0.02 eV, and
We note that the fits are sensitive to the strong negative thereforeAH®;o(CDs0) = 0.16+ 0.04 eV (3.7+ 0.9kcal/mol)62

anharmonicity in the’, mode of CH, confirming our assign-

Note the significant difference of 0.13 eV (3.1 kcal/mol)

ment that the highest energy peak in each spectrum correspondgompared to the heat of formation of @B}, reflecting differ-

tovz = 0. The third column of Table 1 shows the fwhm of the
rotational envelope in meV for two limiting cases. The larger

ences in vibrational frequencies between the H and D isotopes.

values fit the data under the assumption that all O atoms arey; piscussion

produced in theifP, ground state, while the smaller values result
from assuming a statistical 5:3:1 population of #Rg1.o spin—
orbit states (which have energies of 0:20:28 n%€Vespec-
tively). Both limits reproduce the data well, implying that this
data is not sufficiently sensitive to distinguish between the two
cases.

Finally, we consider product state distributions for channels

Il and Ill, producing CH + OH, which are observed in the
energy rangeEr < 0.5 eV upon excitation of 8 and 3°
While there is no reproducible vibrational structure in this data,
we can speculate on the relative importance ob@GHEB,)) vs
a(*A,). Referring to Figure 6, any data wiffy > E;ax Il can
only be due to fragmentation via channel Il. Fer < E|,

I, both channels can contribute, but the significant rise in the

A. Photofragment Yield Spectra of CH;O and CDs0O.
One of the important conclusions from the PFY spectrum is
that, within our detection limits, C¥D does not dissociate for
photon energies below th% Fansition. This threshold im-
plies that the crossing of the #tate by the lowest of the three
repulsive curves shown in Figure 2 occurs in the vicinity of
3775 cn! above the Astate zero-point level. The onset of
dissociation and the energy of the curve crossing has been the
subject of much debate among both experimentalists and
theorists, with our value being the lowest reported. Our
threshold is unambiguous because we detect dissociation directly
by measuring the presence of primary photofragments. A very
recent determination of the dissociation threshold by Powers
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al.,**via LIF lifetime measurements and fluorescence depletion would be the dominant product channel. Instead, the large recoil
spectroscopy (FDS), gives 3793 thiin good agreement with  energies observed in our data are indicative of dynamics on a
our value. purely repulsive PES, in which potential energy is converted
One of the main complexities in the(®\,) state of CHO efficiently into translational kinetic energy. The resultsadf
arises because two quantaef establish a Fermi resonance initio calculations by Jackef$, represented schematically in
with v, (CH3;O umbrella, 1289 cm?), giving rise to a series of ~ Figure 2, predict three excited electronic state44f “E, and
multiplets at each overtone in thg 8eries'® By fitting the A, symmetry, which are repulsive along the-O bond and
observed multiplet spectra to an anharmonic oscillator Hamil- correlate asymptotically to CX(?A%)) + O(P). All our
tonian for v, and v, Powerset al3° obtained the dominant  results for this channel are consistent with a mechanism in which
character of each member of the Fermi multiplet. An interesting non-adiabatic coupling between these surfaces and the optically
guestion is whether the competition between predissociation andPrepared levels of the (BA;) state leads to predissociation of
fluorescence depends on which member of the multiplet is CH3O. Given this basic description of the dissociation mech-
excited, in which case the PFY and LIF spectra would differ. anism, we can explore further mechanistic details in the

If mixing betweernv, andvs is not too strong, one might expect
that components of predominantty character would dissociate
more readily than those with more character.

The splittings between Fermi multiplet components are
significant. For example, the;3325, and 32; bands are
separated by 35 and 43 ctprespectively’ giving a total width
to this feature of 78 cml. However, the peak widths in the

experimental data.

First, we consider the flow of energy into product vibration.
Based on the fitting procedure presented in section IV.B., the
P(Er) distribution is described accurately by excitation in a
single CH mode, thev, umbrella vibration. Focusing on the
35 progression, and ignoring for the moment= 6, a smooth
increase in the average GHibrational excitationEyOis

PFY spectrum (Figure 4) are also broadened due to the width observed with increasing photon energy (Table 1). Very little

of the rotational bands (at least 20 thand the fact that we
observe transitions from boftts;, and2E;,, components AE
~ 60 cnT?l) of the ground state. It is therefore difficult to
determine whether different multiplet components decay with
different rates from the PFY spectrum. In fact, the LIF and
FDS experiments of Powerst al** show no significant
differences in lifetimes for different members of a particular
multiplet, indicating that, andv; are indeed strongly mixed.
In CD30, the Fermi resonance betweenandvs; is lifted,
and the vibrational frequencies of all modes exceptare
substantially lowered. As a consequence, t% 8ombina-
tion band now appears as a distinct progression. T‘j?é 3
transition is the first member of this band seen in the PFY
spectrum. While dissociation is energetically possible from
excitation of the & transition (expected at 35 670 cA), this
transition is not observed in Figure 5, implying that for £
energy deposited i, is not available to facilitate fragmentation.
In contrast, CHO dissociates when thej@& transition is
excited,i.e., with five quanta invz. The isotopic comparison
implies that excitation of the e symmetry vibratiei(observed
for CH30) promotes dissociation, while energy deposited in the
a symmetryv, mode (observed for CiD) is not strongly

product excitation arises from the Bvel, in contrast to the
inverted distributions for & and 3°.

The sudden approximation is often invoked to explain
dissociation dynamics on purely repulsive surfaces. In this
model the fragments are assumed to dissociate sufficiently
rapidly that there is negligible coupling between translational
and vibrational degrees of freedom. In the sudden limit, the
CHs vibrational distribution is obtained by a Frane€ondon
projection of the CHmoiety in the Astate onto the asymptotic
v, vibrational levels of the free methyl radical. Specifically,
OHCO in the Astate is 108, while asymptotically the methyl
radical is planar, corresponding f0HCO = 90° within Cg,
symmetry. Usingab initio force constants for C§ithe sudden
approximation predicts a most probable valuepf 5 for the
CHs v, distribution, somewhat hotter than the distribution
observed at & and clearly incorrect for all lower photon
energies.

The failure of the sudden approximation implies substantial
coupling of translational and vibrational degrees of freedom as
the dissociation proceeds on the repulsive surface, allowing
OHCO to relax smoothly with increasing CO bond length. In
other words, at low photon energiesg.,SZ) excitation, CHO

coupled to the reaction coordinate. We give further evidence appears to evolve adiabatically to products. This situation is
for these conclusions in section V.B., based on the translationalentirely reasonable when one considers that the light H atoms

energy and angular distribution data.
B. Channel | Dissociation Dynamics. Unimolecular pho-

can respond quickly to motion of the heavy C and O atoms as
Ico increases, maintaining an equilibrium value@HCO at

todissociation is a powerful technique because the disposal oféach value ofco. This picture also explains the behavior of
energy among translation, vibrational, rotational, and electronic the 3] P(Er) distributions with increasing photon energy. The
degrees of freedom in the products is a direct consequence ofrecoil velocity between the C and O atoms increases with

the potential energy surfaces on which this half-collision
occurs®® Consequently, the main information we obtain on the
dissociation dynamics of the methoxy radical is derived from
the P(Ey) distributions presented graphically in Figures 6 and

7 and numerically in Tables 1 and 2. In this section we discuss

the dissociation mechanism for channeldll in light of the
experimental product state distributions.

1. CH; + O Products. It is evident from Figure 6 that most
of the available energy in the A X photodissociation of CkD
goes into product translation for channel I. Although radicals
similar to methoxy, such as GBHO, dissociate in the
ultraviolet by internal conversion (IC) to the ground state
potential energy surface (PES), tiEr) distributions for

increasing available energy, such that the H atoms cannot
respond as accurately to the changing potential along/H&O
coordinate, resulting in increased asymptoticsGiibrational
excitation.

The photodissociation dynamics of methyl iodide show a
strong similarity to our results on methoxy. For the L{H>
CHs + I* channel, which occurs on a purely repulsive surface,
the methyl fragment is produced with little vibrational or
rotational excitation. An adiabatic mechanism very similar to
that described above for methoxy governs the dynamics of this
channel in CH, as elucidated by classical trajectory calculations
on ab initio potential energy surfaces for this systémn.

We next consider partitioning of energy between the;CH

methoxy are inconsistent with such a mechanism. Indeed, SEProtational energy and the spiwrbit energy of OfR) (eq 3).

studie§ on CHO imply that, if IC were facile, H+ CH,O

As shown in column 3 of Table 1, the peak widths of each
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vibrational component increase monotonically in tiep8o-
gression fom > 7, denoting increasing rotational and/or spin
orbit product excitation. Although we present the rotational
envelope widths for the two limiting cases in which no energy
or a statistical distribution of energy is deposited in the oxygen
atom, there is no reason to believe that either limit reflects
reality, or that the spirorbit state distribution is independent

of photon energy, as our two limiting cases assume. Indeed,

by analogy with the spirorbit distributions measured in;O
dissociatiof® it is likely that thej distributions of the oxygen
atoms from CHO are not statistical but fluctuate in a seemingly
random fashion depending the value mf Subject to this

Osborn et al.

The product angular distributions fof& and 36} excita-
tion are described by anisotropy parameterg ef 0.4 andg
= 0.3, respectively, while the angular distributions of tHe 3
progression are isotropi (< 0). However, the &A1) — X-
(?E) transition has a perpendicular transition dipole moment,
which should result in an anisotropy paramégier 0. Although
the vibronic symmetry of gﬁé is parallel (e — e), the
electronic part of the transition dipole remains<tae) in the
absence of perturbations by other electronic st&taad hence
should still giveg < 0. Therefore the positive values gf
measured for B; and 36} excitation implies that the Atate
is perturbed by another electronic state of e symmetry (such as

assumption, we conclude that the increasing peak widths inthe nearby“E state shown in Figure 2), which mixes an

Table 1 reflect an increase of rotational excitation as a function
of photon energy.

However, the amount of the available energy deposited in
product rotation is still relatively small. For example, in the
35° P(Er) distribution (Figure 6), the energy difference be-
tween CH(v = 0,J = 0, K = 0) and the peak of the Gb =
0) distribution is 50 meV (6% of the available energy). This
energy corresponds to the rotational energy of a@H- 0, J
= 6, K = 0) fragment when the cofragment is®4); an excited

electronic e— e component into the transition dipole. These
results are consistent with the observation of both parallel and
perpendicular rotational structure resolved in {CHbands
containing fundamentals of e vibratioffs.

2. CDs + O Products. The P(Ey) distributions for the €O
bond fission channel in Cf® show two main differences from
the CHO distributions. First, the Chvibrational distributions
resulting from § excitation are substantially more excited than
at similar photon energies in GB, as verified by comparison

O atom would require even smaller rotational quantum numbers of the average product vibrational energi&Uin Tables 1

for CHs. Simply put, the fact that we resolve vibrational
structure at all in theP(Er) distributions means that product

rotational excitation is not extensive. We propose that the small

amount of product rotation indicates a dissociation pathway
which deviates little fronCs, symmetry for  excitation.

In contrast to theP(Ey) distributions just discussed, the
distributions for § and 36; lack the well-resolved vibrational
features present in the other spectra in Figure 6. rgpth’e
much broader vibrational peak is likely due to an experimental

and 2. Second, the Gvibrational distributions resulting from
3)2; excitation are bimodal, as shown in Figure 7.

Increased vibrational excitation of the @Dmbrella motion
resulting from 3 excitation follows directly from the adiabatic
dissociation mechanism proposed for channel I dynamics in
CHs30. When H atoms are replaced with D atoms in methoxy,
the increased mass inhibits the ability of these atoms to track
the motion of the C and O atoms during dissociation. As a
result, the dissociation is less vibrationally adiabatic, resulting

effect rather than an increase in rotational excitation with respect N More excitation of the-; mode in CI.

to 3. The most recent literature value for the fluorescence
lifetime of % is 0.37 us?* a substantial fraction of the s
flight time required for a ChHO radical with 8 keV energy to
travel from the dissociation laser to the TPS detector. Excited
state lifetimes in this range degrade Er) distributions to
lower Et because long-lived radicals remain intact for a portion
of the flight time, resulting in a smaller recoil vector measured
at the detector, which translates to an artificially small value of
Er for that event. Using the fluorescence lifetime given above,
this effect causes a dbroadening of 51 me¥¢ When this
width is deconvoluted from the 68 meV width given in Table
1, the remaining rotational envelope has a width of 45 meV,
slightly narrower than the 47 meV width measured for
3[. Therefore, rotational excitation of the GH O products
following 3 excitation follows the same trend as the other
members in the g3progression despite the broad peak observed
in Figure 6.

The P(Ey) distributions following 365 and 365 excitation

A similar isotope effect is observed in GOissociation, and
the complete description of these effects found in Ref. 64 is
most likely applicable to CED. However, for the present
purposes, the simple explanation given above is sufficient.

By far the most surprising result from the @D P(Ery)
distributions is the bimodal CPproduct state distribution
observed following excitation of the{&, combination band
(cf. Table 2). To the best of our knowledge, methoxy photo-
dissociation represents the first observation of such an isotope
effect on theproductstate distributions. A compelling hypoth-
esis for the origin of this dynamical effect lies in the near
equality between the umbrella mode frequency in thetdte
of CD;0 (971 cntl) and the corresponding first overtone
frequency of the umbrella mode in the gfagment 2:,(CDs)
= 966 cnr1.51 Therefore, if the single quantum of(CDs0)
excited in the 5 combination band does not couple well to
the reaction coordinate, the 971 chof energy deposited into
this motion will result in a propensity to populate the nearly
degenerate first overtone §(CDs), i.e., the amount of energy

show broader peaks than their quasi-isoenergetic counterpartsn umbrella motion will be conserved throughout the dissocia-

in the 3 progression. Powerst al#* found that the fluores-
cence lifetime for g6 lies between the limits 20 ns ¢ >

20 ps. As a result of this short lifetime, the broadening effect
described above forg?is negligible compared to the experi-

tion. This hypothesis is also supported by the fact ﬂfﬁﬂ) 3

does not dissociatecf; Figure 5), even though this state has
more energy than theSBeveI, which does dissociate. This
intriguing hypothesis calls for a comparison with reaction

mental resolution, and the increased width of the peaks is likely dynamics calculations based on the new potential energy
a result of greater product rotational excitation. The observation surfaces which are now becoming available for methx®y.
of rotational broadening is reasonable when one considers that 3. Cure-Crossing mechanisnuntil now we have discussed

the vg methyl rocking motion would naturally develop into
rotational excitation of the methyl radical about thexis, and

the dissociation dynamics without consideration of the mech-
anism that couples the optically access€@M) state with the

supports the assignment that the combination band in Figure 44A,, “E, and?A, repulsive states. The calculations of Jackels

is principally 365 rather than ;.

demonstrated that th#E state is reachedia a one-electron
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transition from the Astate, while the two A configurations VI. Conclusions
require the rearrangement of two electréhstHe argued that The ultraviolet A%A;) — X (E) transition in both CHD and

the2A; = “E interaction should be the strongest, because theseCD O is ob d di iate d . ith
states have a first-order sptorbit interaction, analogous to that 5O Is observed to pre |ssoc‘|1ate uezto curve crossings wit
of the 2= < 4I1 coupling in a diatomic radical. TH&\; < 4A, one or more Of_ the _excneﬁAZ,_ E, and”A, repUI.S'V.e states.
interaction can occur by a second-order snbit interaction Several interesting differences in the phptodlssomatlon dynamics
while the2A; < 2A, interaction is most likely dominated E)y have been observed between the two isotopes. The photofrag-
ment yield spectrum of C¥D shows a main progression in the

ff-diagonal elements in the nuclear kinetic ener rator. S .
off-diagona eleme s .t € nuciea etic energy operato C—0 stretch and a combination band with one quantum of the
Recenfab initio calculations by Pederson and Yarkdfignd . .
e symmetryvs methyl rock. The 3 progression also domi-

by Cui and Morokum# have defined the minimum seam of ) 1 . o
crossings between the #ate and each repulsive curve. The Natesin CRO, butthe g2, is the most prominent combination
new calculations place the crossing points at lower energy thanPand involving the asymmetryv, umbrella motion. The 3
those obtained by Jackels, in better agreement with our fransition is the lowest energy transition observed to dissociate
photodissociation threshold. The coupling constants betweenin either |1sotope, placing the threshold for &Mdissociation
the states are also calculated, along with the dependence of thé? 75 cnT* above the Zero point level of the gtate. In CHO
Coup”ng at geometries away fro@eu Symmetrng the combination banngo dissociates fom = 5, while in
Until now, the experimental data has been discussed for CDs0O combination band dissociation is not observed unfess
simplicity under the tacit assumption that one repulsive curve = 6. This mode-specific effect demonstrates that the way in
accounts for the entire dynamics of channel I. Two features in Which energy is distributed in the #ate effects the competition
Figure 6 may shed some light on whether coupling with multiple Petween dissociation and fluorescence. o
curves contributes to the final product state distributions. First, ~The major product channel is-@ bond fission giving a
the P(Er) distribution following 3 excitation is much nar- ~ Methyl radical and an oxygen atom. The translational energy
rower than the 3distribution, indicating a substantial increase d;st;:bugonscfor b]?th Isotopes shqwéhatltz@umkll)rella mofdeh
in dissociation rate at the higher of these two photon energies©f the CH(CDs) fragment is excited, although most of the
(see section V.B.1.). One hypothesis for the increased dis-2vailable energy is channeled into product translation. The
sociation rate is that theg?distribution is mediated primarily ph_otofrqgme_nt vibrational d|str|bu'qo_ns .“e ’.“”Ch closer_to the
by the %A, surface, while the gsdistribution contains a new adiabatic limit than the sudden limit, indicating that the light H
2 ; ; o ; .
contribution from the*E surface. This picture agrees with aht_oms_ ean fol:ow d'SSOC'atI?n alon%the(—:ocl;)ond dlstancz,
Jackel's argument that coupling with thg surface is stronger this picture is less accurate for GD than CHO, as expected.

. . 1 - . . .

than coupling to the other two repulsive surfaces. However, it Excitation of 6, in CHiO results in more rotational excita-
. ; . . . L tion of the products, consistent with sampling of nog-
is also possible that dissociation foIIowmé 8xcitation may L ~ o 1.
require tunneling through a small barrier, while gid&socia- geometries in the Astate. Excitation of g% in CDsO shows a
tiO(I:’I] occurs witht?utaba?rier A second néteworth feature from surprising dynamical effect. the product state distribution of
Figure 6 is that the Cig-ivibr.ational excitation resﬁltin from the CD fragment is bimodal, with excitation af; = 0 andv;
319 itation is bimodal . Table 1) which d Ig ol = 2 always greater than that fe, = 1. This effect is clear

0 elx?tatlorr]] IS Im(')b aldf. ]? N d)dw ICI coul PlausIbly - ayidence that the energy distribution among parent vibrational
result from the contribution of an additional repulsive curve at ,4eg has a strong effect on the vibrational distribution in the
this high photon energy leading to vibrationally cold products. .04 cts

Detailed assessment of these issues should soon be possible iR

liaht of the new potential enerav surfaces being developed The results given in this article should enable a rigorous
9 P . ray €ing ped. comparison between experiment and theory because the data
C. Channel II—1V Dissociation Mechanisms. Our ex-

: . . . compriseboth translational and vibrational product state dis-
perimental information on the GHt OH product channel is i, ytions, acquired at many different photon energies for two
limited. We find that this prOdlfCt channel is absent for jshones. Newab initio potential energy surfaces are now
transitions withfw < 37 500 cm and competes W',th the becoming available for methoxy, and it appears that the methoxy
dominant CH + O channel at higher photon energies. As

inted : X h dsi h radical will continue its tradition as a benchmark molecule in
pointed out in section IV.B on energetic grounds it appears that {4 fields of spectroscopy and dynamics.

channel lll, producing electronically excited methylene frag-
ments, dominates production of ground state methylene, channel

Il. Concerning the mechanism for this channel, the reeént tor, Office of Energy Research, Office of Basic Energy Science,

initio study of the methoxy system by Cui and Morokdfha  chemical Sciences Division of the US Department of Energy
explored the excited state isomerization of {H—~ CH,OH, on Contract DE-AC03-76SF00098.

finding a transition state 1.00 eV above thestate minimum.
They point out that the Atate of CHO correlates through this
transition state to channel lll products, while the ate
correlates to channel Il products. Our data are consistent with (1) Style, D. W. G.; Ward, J. CTrans. Faraday Sacl953 49, 999.

the excited state mechanism, and the observed production of  (2) Leighton, P. HPhotochemistry of Air PollutionAcademic Press:
P New York, 1961. Finlayson-Pitts, B. J.; Pitts, J. N., Mmospheric

Some_ _ground state methylene could eas_ily be _eXp_lained b_y aChemistryWiIey: New York, 1986. Pate, C. T.; Finlayson, B. J.; Pitts, J.
transition to a lower surface along the isomerization or dis- N., Jr.J. Am. Chem. S0d.974 96, 6554. Levy, H. lIPlanet. Space Sci.
sociation coordinate. A similar mechanism is probably respon- 1973 21, 575. Baldwin, A. C.; Barker, J. R.; Golden, D. M.; Hendry, D.

; ; ot : G. J. Phys. Cheml977, 81, 2483.
sible for CD; + OD dissociation in CEO. (3) Westbrook, C. K.; Dryer, F. LProg. Energy Combust. Sdi984

Cui .and Morokuma also fpund a substantiall barrier t0 10, 1. Tsang, W.; Hampson, R. &. Phys. Chem. Ref. Dai86 15, 1087.
formation of H+ CH,O on excited state surfaces, in contrast Williams, B. A.; Fleming, J. WChem. Phys. Letl.994 221, 27. Zabarnick,
to the small barrier on the ground state for this channel. The 3,Combust Flamd991 85, 27. Olsen, . B.; Gardiner, W. C... Phys.
faCF that we c_)bs_ervg very little H CHO is _ConS_IStem Wl_th (4) Warnatz, J.Combustion ChemistryGardiner, W. C., Ed.;
their result, indicating that all the dynamics in ultraviolet springer: Berlin, 1984; p 258.

methoxy dissociation occur on excited state surfaces. (5) Thaddeus, P. Private communication.
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