Fast beam photodissociation spectroscopy and dynamics
of the vinoxy radical

David L. Osborn, Hyeon Choi, David H. Mordaunt, Ryan T. Bise, and Daniel M. Neumark
Department of Chemistry, University of California, Berkeley, California 94720, and Chemical Sciences
Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720

Celeste McMichael Rohlfing
Combustion Research Facility, Sandia National Laboratories, Livermore, California 94551-0969

(Received 7 October 1996; accepted 13 November 1997

The spectroscopy and photodissociation dynamics of the vin@#,CHO) radical B(?A”)
«—X(2A") transition have been investigated by fast beam photofragment translational spectroscopy.
We show conclusively that excitation to tlge state is followed by predissociation, even for the
origin transition. Two photodissociation channels are obseridgdZH;+CO, and(2) H+CH,CO,

with a branching ratio of1:4. The form of the translational energy distributions imply a significant
exit barrier to formation of Ckt+CO, and a considerably smaller barrier fot-BH,CO formation.
Dissociation ultimately proceeds by internal conversion to the ground electronic state; the internal
conversion rate appears to be significantly enhanced by a curve crossing with eitA¢fAhE or

C(%A") statesAb initio calculations of critical points on the global potential energy surfaces aid in
determining the dissociation mechanism. We present a simple model for dissociation over a barrier,
the statistical adiabatic impulsive model, which satisfactorily reproduces the translational energy
distributions. © 1997 American Institute of Physids$0021-96007)01607-3

I. INTRODUCTION primary product of the reactions €R)+C,H,,* O(*P)
Molecular photodissosiation | . ant field f+C2H3,5 OH+C,H,.° and OH+C,H,0.” These reactions,
olecuiar photodissociation 15 -an important eld of 5,4 e CHCHO intermediate, are generally important since

chemical physics as it offers a well-defined way of probing . )
. . ~“ethylene and acetylene are commonly present in combustion
the forces acting between atoms and molecules in chemical

reactions- The dynamics of a dissociating molecule dependOf Iarger aliphatié and aromatit compounds. It is therefore
intimately on the shape of the potential energy surface of th& considerable interest to understand the spectroscopy and
system. Measurement of product state distributions can prglynamics of this species. This study of §BHO is part of a
vide direct information on important features of this surface Systematic effort in our laboratory to determine how the dis-
and this prospect has motivated development of an impregiociation dynamics of “simple™ alkoxy radicals depend on
sive array of experimental techniques aimed at extractinghe nature of the carbon bonding in the radical. The results
such distributiond.While most experiments of this type have presented here show that the dissociation dynamics of
been performed on stable, closed-shell molecules, there 8H,CHO, the smallest alkenoxy radical, are quite different
much to gain from the study of free radical systems usingrom those of the smallest alkanoxy and alkynoxy radicals,
photodissociation. There are two qualitative differences becH,0'° and HCCO!!

tween closed-shell and open-shell systems that should di- The vinoxy radical has been the subject of several
rectly influence their photodissociation dynamics. First, thespectroscopié° and electronic structuf&2* investiga-
unpaired electros) of free radicals gives rise to more low- tjons. The first spectroscopic detection of LHHO, discrete
lying electronic state¢<5 eV) than are typically found in - pangs with a probable origin at 28 780 chiwas reported
stable molecules. Second, closed shell systems generally d|§y Ramsa}? in 1965. In 1981, Hunziké? et al. reported two

socllatelto give t\?{o radQ|caI fratgrrt1ents. (Ijn c?ntrgst, ?penéShﬁéPsorption bands of C)£HO: one band in the infrared origi-
molecules can often dissoclate 1o a radical and a closed-s ating at 8004 cmt, and a second in the ultraviolet, with its

fragment, making this bond breaking process only mIIdIyorigin at 28 750 cr. Electronic state assignments for these

endothermic or even exothermic. bands were aided bgb initio molecular orbital calculations
Experimental studies of free radical photodissociation . o1 : : L=
by Dupuis et al,“* who predicted an ir transitionA(“A’)

are relatively uncommon, primarily because it is difficult to =7~ - i
s : : X(?A"), at 6900 cm!, and a uv transition

create sufficiently intense, contaminant-free sources of freg& . ' ! '

: o it - B(°A")—X(?A"), at 26 000 cr'. The calculations pre-
radicals. To overcome this limitation, we have devised a gen® d : . P
eral technique for the production of well-characterized radi-dicted a planar geometry and an allylic resonance between
cal samples using photodetachment of negative ion precufhe two valence bond structures &HCH-O- and
sors. In this paper we report photodissociation spectroscopycH,—CH=0. The latter structure was favored as the
and dynamics of the vinoxy radical, GEHO. The vinoxy ground electronic state, with an unpaired electron primarily
radical plays a key role combustion chemistry, specifically inon the terminal carbon atom. Thke and B states were de-
the reactions of oxygen atoms with olefh€H,CHO is a  scribed as primarily CH=CH-O-, with the unpaired elec-
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tron on the oxygen either in-plane or out-of-plane, respeceence cutoff energy. Previous attempts to observe photodis-

tively. sociation products in the gas phase using LIF have been
Lineberger and co-workel3established the electron af- unsuccessful’!8

finity of CH,CHO as 1.824 eV from negative ion photoelec- Our experiment directly detects the presence of photo-

tron spectroscopy of C)€HO . Inoue and Akimotd® ob-  dissociation, and identifies and characterizes the photodisso-

served laser induced fluorescen¢kelF) and dispersed ciation products. We can therefore readily determine if dis-

fluorescence spectra of thigx—X band. They assigned the sociation occurs following excitation of th# state and learn

vibrational modes of the radical using a triatomic model inabout the detailed mechanism. There are several product

which the three modes are the CO stretch, the CC stretclghannels which are thermodynamically feasible following uv

and the CCO bend. The first experimental information on theexcitation of vinoxy:

structure of CHCHO was given by DiMauro, Heaven, and hy

Miller®® from rotationally resolved LIF spectra of the CH,CHO—CHz+CO AH§=0.08+0.09 eV?**" (1)

B(?A")—X(?A") transition in a supersonic jet. Based on the

relative intensities of tha-type vsb-type rotational transi- H+CH,CO 1.4920.09 eV, )
tions (10:1) it was found that the transition dipole for the H,+HCCO 1.56-0.09 eV, @)
B« X transition points essentially along the CCO backbone.
Their LIF spectrum refined the values of the three vibrational C,H,+OH 2.56+0.09 eV, (4
fundamentals in thé8 state that were seen in Ref. 14 as
1,(CO stretch=917 cm ', »,(CC stretch=1122 cm'?, and CH,+HCO 4.16+0.13 eV. (5)

v3(CCO  beng=450 cml The microwave spectra of ) o )
CH,CHO and CBCDO due to Endet al® yielded a more  We observe photodissociation of vinoxy to both Channels 1
: ~1

definitive determination of the ground state geometry thafnd 2 over the range 28780w<33330 cm

was in good agreement with the calculation of Dugftis. (3-56<hv=4.13 e}. Channels 3, 4, and 5 are not observed

Later ab initio calculations by Yamaguchét al?® showed N this study. Our results indicate that excitation of tBe

that the triatomic vibrational model used by Inoue and Di-State is followed by internal conversion, eventually populat-
ing theX state, which then dissociates via Channels 1 and 2.

Mauro was insufficient to describe the vibrational structure ’ ;
of vinoxy. Yamaguchi adopted a new numbering of the The experimental apparatus and data collection methods
for the present experiments are summarized in Sec. Il. In

modes(which is used in this papgbased on all 12 vibra-

tional degrees of freedom and reassigned the character of tfR€C- /Il we present the photofragment yield spectrum, trans-

917 cni * fundamental asg(CC stretch, and the 1122 crit lational energy, and angular distribution data for JOHO

fundamental as(CH, rock). and CDCDO, in addition toab initio molecular orbital cal-
Our interest in the vinoxy system was stimulated by theculations on this system. Section IV covers the analysis of

considerable differences between the laser-induced fluoref1® €xperimental data. Progressions in eight of the twelve
cence and absorption spectra. The published LIF spééfra V|brat|9nal modes are a35|gned with the alcbbflnltlo fre-
show no fluorescence above 30 200 ¢nii.e., only 1400 duencies. The data analy_5|s for_ChanneI 2 is also presented,
cm~! above theB state origin, while the absorption and we obtain the branching ratio petwe_en_ the two ob;ervgd
spectrun® extends to 35 700 cnt, peaking at~32 500 channels. In Sec. V, the overall dIS-SOCIatIOI’] mech.anl.sm is
cm L. The sharply truncated LIF spectrum implies that thediscussed. For Ci-CO, the translational energy distribu-

excited state is depleted by a fast nonradiative process. THPNS are compared with a hybrid statistical/impulsive disso-
presence of such a process is confirmed by hole-burninﬁ'at'on model. RRKM rates for the two observed channels

spectroscopy on jet-cooled vinoxy, in which Gejpall” &€ calculated and compared with the experimental branch-
measured fluorescence depletion fr,om 30 300—33 900 cm 'Nd ratio. Finally, the mechanism of internal conversion from

finding sharp vibronic absorptions in this region where fluo-th€ B state is discussed. A preliminary account of these ex-
rescence is quenched. periments has been published previoufSly.

Three nonradiative processes could be responsible for
fluorescence quenching: direct predissociation via a repul-
sive state, intersystem crossifiGC) to a quartet state, and ||. EXPERIMENT
internal conversior(IC) to the ground electronic state. The A The f gical b lational
latter two processes can also lead to photodissociation. There e fast radical beam transfational spectrometer
is relatively little experimental and theoretical information It is generally difficult to produce a well-characterized
on the dynamics following excitation of th& state. source of free radicals using traditional molecular beam
Yamaguchi recently reported calculatiéhen CH,CHO that ~ sources due to the high reactivity of open-shell species. Our
explored the energy dependence of )&\, B, andC (°A’) experimental approach takes advantage of this instability by
states on the C—C torsional coordinate, finding that torsionalecognizing that most free radicals have positive electron af-
motion may couple th® state with theA, and/orC states. finities and form stable negative ion analogues. Any con-
Jacox found evidence for production of GHCO following  taminant ions present can be separated by mass spectrom-
uv irradiation of CHCHO in an Ar matrix?® but with a  etry, after which the desired neutral free radicals are
threshold near 34 500 ¢m, much higher than the fluores- generated by laser photodetachment of the corresponding

J. Chem. Phys., Vol. 106, No. 8, 22 February 1997



Osborn et al.: Photodissociation spectroscopy of the vinoxy radical 3051

o TOF to very light fragments, such as H or D atoms, because these
lon source “?ast’-t" detachment : dissocjation detector fragments are formed with low laboratory kinetic energies.
selecuon
Ei\" — '/Jﬁ r/u — TP; B. Data collection and modes of operation
hv, < hv,
! 2 detector Three types of experiments are performed to character-

ize the photodissociation of GBHO. First, the energy of
“fe photodissociation laser is scanned and the total flux of
fragments is detected giving a photofragment yi€éRFY)
spectrum. It should be emphasized that signal is observed

mass-selected anion. The packet of neutral radicals producédly if the radical dissociates. This experiment uses the TOF
in the detachment step is then dissociated with a second I&letector which can be lowered into the beam on a manipu-

FIG. 1. The experimental apparatus. The dotted lines separate the radi
production region on the left from the dissociation region on the right.

ser, giving the overall scheme lator arm. The TOF detector Ba 3 mmbeam block and a
B simple metal anode which collects the total charge from the
CHZCHO‘th—_>e CHZCHOh—foragments. (6) MCPs. The fragment signal is normalized to dissociation la-

. ser power, and also to the yield of electrons from the photo-
The apparatus constructed in our laboratory, the Fas P y b

Radical B Photof (T lational Spect ; detachment of CKCHO™, correcting for any variations in
adical beam "hotofragment rans.aslllona Pectrometei,q radical production scheme. For vinoxy, a laser step size
has been described previously in defdi**and only a brief

d ini il be i h Th tws is divided int of 0.009 nm is used, corresponding to a step size in energy of
escription will be given nhere. The apparalus IS divided Inloy g 1+, 1 o ¢yl The data are calibrated at many different
two distinct regions, as shown in Fig. 1. In the first section,

| £ dicals i ted f i .afrequencies throughout the scanned range against the absorp-
clean source otlree radicals 1S generated 1rom a negative 1ofl,, spectrum of 4,34 with an absolute accuracy of 1 crhor
precursor. The anion precursor, E§EHO, is formed in a

" : . Eetter.
60-100 Hz repetition rate pulsed supersonic expansion of In the second type of experiment, the dissociation laser
Torr of acetaldehydg—78 °C) seeded in 3 atm of O . ific oh ’f- h )
Acetaldehyded, is the precursor of CEEDO™. A pulsed is tuned to a specific photon energy of interest, and the dy

lectric dischargd tes | in the hiah ._nhamics of the dissociation process are studied. In this case,
electric discharge creates 1ons in e high pressure regiony, fragments from a single parent radical are detected in
before the expansion, allowing the ions to cool in the jet to

. ) coincidence using the TPS detectdr? this is based on the
rotational temperatures of typ|cally 35-50 K. _Molecullar detection scheme developed by de Bruijn and ¥os: this
oxygen was used as a backing gas because it SUStaINS @0 tor an 8 mm wide beam block is placed in front of a
"stack of three 46 mm diameter optical quality MCPs. The
Ywo electron clouds produced from the impact of the two
fragments contain both spatial and temporal information de-

accelerated 10 8000 eV lahoratory energy, and are mass SS(:ribing where and when the fragments collided with the first

lected using the Bakker tlme-of-fhght_meth?)%lwhlch M- MCP. The electron clouds are collected using a wedge and
parts negligible energy spread to the ion beam. As the vari-

’ ) ding 1o theife ratio. a 25 ns light strip anode’’*8 The spatial resolutiorfin the plane of the
ous 1ons separale according to € ratio, a 25 ns lig detectoy is 100 um while the relative timing resolution be-

pulse from an excimer-pumped dye laser is fired at the ap; the two f t arn dicular to the ol
propriate time to photodetach only GEHO™ . The detach- c\)lly ?ﬁ 2 d e?e g:grisrasgcgge;s arrivalperpendicular to the plane
ment wavelength663 nm for CHCHO™ and 667 nm for '

N . . From the timing and position information, we obtain the
CD.ZCDO. ) is .only sllght'ly a'bove thresholt, proplqcmg masses of the fragments, their relative translational energy
radicals in their ground vibrational state. All remaining ions

X . .~ Er, and the polar angle# between their relative velocity
are deflected from the beam leaving an internally cold, hlgr1/ector and the electric vector of the polarized dissociation

velocity beam of vinoxy radicals. ) laser(parallel to the ion beam axis
In the second section of the apparatus, after a final 1 mm

or argon, thereby keeping vibrational excitation of the anion
to a minimum. The ions pass thrdug 3 mmskimmer, are

collimation, the vinoxy radicals are dissociated by a M; Tp VoT

frequency-doubled excimer-pumped pulsed dye laser operat- m, r, |\~ L |’ (7)
ing between 300-350 nm, with a bandwidth of 0.3¢m N

Neutral photofragments recoiling out of the parent radical ¢ _ MMz {(ro7) "+ R’} _(1+2 My~ My Vo7
beam are detected directly, without ionization, using one of T M L? M L)
two microchannel platéMCP) detectors. The time-of-flight 8
(TOF) and time- and position-sensiti@PS detectorsde- R

scribed below are located on the radical beam axis 68 and 0=arctar€v—07_ . (9)

100 cm downstream from the dissociation laser port, respec-
tively. An aluminum strip is placed across the center of eaclHere,r; andr, are the distances from the center of the
detector to prevent undissociated parent radicals from strikiadical beam to each fragment on the detector face,
ing the MCPs. The fragments are detected with high effiR=r,+r, is the distance between the photofragments, and
ciency (typically 50% due to their high laboratory kinetic 7(=t;—t,) is the difference in the arrival times of the frag-
energy. However, the MCPs are considerably less sensitivements.M, m;, andm,, are the masses of the parent and
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fragments respectively, andE, are the laboratory velocity
and energy of the parent radical, ahdis the distance be- 0 1000 _
tween the dissociation laser and the detector face. Although '('a')' i '
the relative recoiR=r,+r, of the fragments is determined Simulation
with high precision R/AR~100) in the coincidence mea- ‘ ‘ L ’

’ I | ‘\ | |1l1 .i ”]ll l ALHI.”IJ“JIMJ” 1..H|1I1111

Excess Energy (em™)
2000 3000 4000
T T

surement, the individual recoils, andr, are less precisely
known, resulting in a fragment mass resolutmmM m~ 15.
Translational energy resolution &E;/E+=0.6% has
been demonstrated under ideal conditihslthough in
these experiments the resolution is somewhat coarser, typi-
cally AE{/E1+=2.2%. The finite geometric acceptance of the
detector is corrected by dividing the raw data by a detector
acceptance functioff,which gives the probability of observ-
ing a coincidence even at each combinatiorEgfand 6.
Due to the geometry of the detector, the coincidence o i I A ol Bl o
. . . . 29000 30000 31000
detection scheme is only practical when the mass ratio of the Photon Energy (cm™)
fragmentsm,/m,=<5. For mass ratios larger than 5, there is
very little probability of detecting both particles in coinci- FIG. 2. Photofragment yield spectra of the vinoxy radical. Energy in excess
dence; if the heavy fragment has enough energy to clear tha the B« X 0f transition is given along the top abscisé&a. Si_mulation of
beam block in font of the MCPS, the light fragment recois ;XCH0. 0 OO experienta deao Ch.C00 eperenta .
past the edge of the detector. Channels 2 and 3 fall into thigyired at the vibronic transitions marked with
category where the mass disparity is too large for the coin-
cidence experiment.

In order to detect Channels 2 and 3, a third type oftrym of m/e 43 ions measured on a different apparatus in our
experiment is performed that is sensitive to product channelgporatory(using the identical ion source as in the photodis-
even if m;/m,>5. This is a less detailed, noncoincidence sociation studyis in quantitative agreement with the litera-
experiment! in which the flight time of the fragments from ture spectrum of CKCHO™.*° Therefore, we are confident
the dissociation laser to the TOF detector is recorded using @at all photodissociation spectra reported here arise unam-
transient digitizer with 1 ns bin width. The narrow beam biguously from the CHCHO radical. Our photoelectron
block, (3 mm) on this detector allows improved collection of gpectrum shows a small amount of vibrationally excited radi-
heavy fragments compared to the TPS detector describechis produced from photodetachment of vibrationally excited

above. The resulting TOF distributions are a oOne-anjons, but their concentration is too low to substantially
dimensional projection of the photofragment velocity distri- affect the results presented here.

bution in the laboratory frame along the beam axis. These ]
results are more averaged than tR¢E,#) distributions A Photofragment yield spectra
obtained with the TPS detector, but in return are sensitive to  The PFY spectra obtained from excitation of the
all product channels because two-particle coincidence dete@(2A")— X(?A") transition are shown in Figs(#® and Zc)
tion is not required. This method is particularly useful for for CH,CHO and CRCDO, respectively. The spectra show
detecting light atom fragments such as H or D atoms, beextended vibrational progressions in the excited electronic
cause these will have a much larger spread in arrival times a&ftate with narrow linewidths, indicative of fragmentation by
the detector and should thus be readily distinguishable frompredissociation rather than by direct excitation to a repulsive
the heavier fragments. Pairs of TOF distributions are acpotential energy surface. Peak positions and intensities for
quired at each photon energy with the dissociation laser poeH,CHO and CQCDO are given in Tables | and II. Our
larized either parallel or perpendicular to the radical beamransition energies agree quantitatively with those of Di-
axis. The analysis of these data is discussed in Sec. IV.  Mauroet al,'® but disagree with the measurements of Inoue
and Akimotd* by as much as 45 cnt.
. RESULTS The published LIF spectt®® of CH,CHO show fea-
tures up to 1400 cmt above the P transition. All these
Our results from the three types of experiments are giveffluorescent levels are observed in our PFY spectra, indicating
in this section, followed by a description of the electronica competition between fluorescence and predissociation. The
structure calculations on the vinoxy system. Before presentrigin transition is the strongest line in the LIF spectrtin,
ing spectra of the vinoxy radical, we point out that the anionbut very weak in the PFY spectrum, indicating that the quan-
we photodetach an/e 43 is in fact CHCHO, and not the  tum yield for dissociatio®;) of 03 is small. Nonetheless,
isomer CHCO ™. While the two species are indistinguishable measurable dissociation occurs across the entire band, in-
in the parent ion mass spectrum, they have very differentluding the origin. The intensities in the PFY spectrum rap-
photodetachment spectra. gEHO ™, the more stable ion of idly increase as the photon energy is raised, even though the
the two, has an electron affinifEA) of 1.824 eV® while  Franck—Condon factors for absorption increase only slightly,
CH,CO™ has an EA of 0.423 eV The photoelectron spec- indicating a steep rise i, Above 1400 cm? of excess

JH.Jmln

fragment Yield

0oto

Ph

A A R P
32000 33000
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TABLE |. Peak positiongcm™Y), intensities, and vibrational assignments for the PFY spectrum gCE, Fig. 2b).

v v—1p | Assignment v v—1 | Assignment v v—1p | Assignment
28785.6 0.0 55 ol 30822.3 2036.7 1000 i8S 31931.0 3145.4 523 2m3
29 234.6 449.0 34 Fe] 30 850.2 2064.6 112 5% 31957.3 3171.7 131
29333.3 547.7 66 B 30 893.4 2107.8 156 31995.1 3209.5 235
29 659.1 873.5 195 g0 30926.9 2141.3 140 R0 32002.8 3217.2 184
29 684.1 898.5 99 Ee) 30976.7 2191.1 250 5% 32011.6 3226.0 302
29703.2 917.6 166 8 31024.3 2238.7 496 37 32032.0 3246.4 213
29781.0 995.4 65 9112 31058.9 2273.3 187 2t 32091.4 3305.8 227
29908.2 1122.6 251 &7 31084.5 2298.9 242 32127.6 3342.0 150
29976.0 1190.4 265 ja11d? 31104.6 2319.0 311 32167.6 3382.0 130
30030.7 1245.1 62 31111.0 2325.4 331 32200.1 3414.5 240
30059.8 1274.2 107 6 31144.8 2359.2 117 32217.8 3432.2 428
30085.4 1299.8 52 31181.5 2395.9 170 324132 3627.6 461
30150.3 1364.7 97 5 31205.3 2419.7 186 32426.2 3640.6 301
301925 1406.9 158 5 31266.1 2480.5 296 324352 3649.6 323
30221.8 1436.2 90 31307.7 2522.1 665 § 32557.3 3771.7 157
30355.1 1569.5 233 T 31331.8 2546.2 248 32622.0 3836.4 338
30407.4 1621.8 491 4 31519.4 2733.8 620 sart 32832.1 4046.5 173
30448.4 1662.8 298 dnag 31527.9 2742.3 295 32907.9 4122.3 169
30 546.0 1760.4 135 31553.2 2767.6 202 33111.1 4325.5 315
30553.0 1767.4 201 31653.2 2867.6 165 33318.0 4532.4 228
30612.3 1826.7 885 28 31725.2 2939.6 772 w3
30633.6 1848.0 118 P 31840.8 3055.2 205
30773.9 1988.3 224 ncg 31883.0 3097.4 166

energy, where the LIF signal is strongly quenched, we expe@9 608, and 29 820 cnt. The values for excess energy in
that ®4,e=1, and our overall intensities are in accord with theB state given in Table Il are calculated under the assump-
low-resolution absorpticfi and high resolution hole- tion that the first peak observed by Inoue is tigr@nsition
burning’ data. Each vibrational transition in Fig. 2 is in fact of CD,CDO. In the PFY spectrum of CZDO in Fig. 20),
composed of many rovibronic transitions. The sharp spikgne |owest transitions show no detectable signs of predisso-
that dpmlnates each vibrational 'Fransmon represen_ts a ban iation, and the shape of the overall spectrum, punctuated by
head in theR branch of the rotational contour, as first ana- chi . .
lyzed by DiMauroet al2® However, due to the higher rota- the strong feature near 30 000 cmis quite different from

’ the CH,CHO data. A gradual increase in the intensity of

tional temperature in our supersonic expangisi30—-50 K _ ) . .
and limited laser resolution, it is not possible to discernUnstructured signal with photon energy is present in the spec-

whether lifetime broadening occurs in the PFY spectra abov#@ ©Of both isotopes, but is much more pronounced for
1400 cm'L. CD,CDO. The unstructured component is not present in

For CD,CDO no LIF spectrum has been published, al-background scans taken with the photodissociation laser
though a spectrum was acquired by Inoue and Akimdto, blocked, demonstrating that this broad signal is due to
who reported only the positions of three peaks at 28 840photofragments of the parent radical.

TABLE Il. Peak positiongcm 1) and intensities for the PFY spectrum of gIDO, Fig. Zc).

v v—ry? | v v—1y | v v—1y |
298284 988.4 320 30583.1 1743.1 310 320924 3252.4 264
29 858.0 1018.0 230 30726.6 1886.6 523 32144.2 3304.2 228
299451 1105.1 293 30767.7 1927.7 343 321854 3345.4 244
29957.8 1117.8 575 30949.6 2109.6 344 32294.2 3454.2 315
29970.6 1130.6 987 30975.0 2135.0 264 323239 3483.9 361
29977.4 1137.4 216 31 056.2 2216.2 344 32337.8 3497.8 234
29997.4 1157.4 1000 31122.0 2282.0 496 323715 3531.5 224
30 006.8 1166.8 416 31397.0 2557.0 305 32504.1 3664.1 245
301735 1333.5 116 31546.8 2706.8 578 32573.0 3733.0 209
30 200.2 1360.2 130 31559.0 2719.0 284 32635.2 3795.2 190
30 207.1 1367.1 148 31568.4 2728.4 363 32689.8 3849.8 422
30247.7 1407.7 118 31882.5 3042.5 326 32719.2 3879.2 212
30 369.7 1529.7 569 31927.6 3087.6 250 33096.3 4256.3 260
30423.0 1583.0 679 31979.6 3139.6 588 331119 4271.9 239

4Energy in excess of thed@ransition measured by Inoue and Akimoto at 28 840 tm

J. Chem. Phys., Vol. 106, No. 8, 22 February 1997



3054 Osborn et al.: Photodissociation spectroscopy of the vinoxy radical
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FIG. 3. Photofragment mass spectrum of CZHO and CDCDO. Note that
the higher mass peakn= 28) does not shift upon deuteration and must be
assigned to CO. The cofragments are,Giid CD;, respectively.

P(Ey)
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(i) 3,649 cm™!

B. Coincidence photofragment distributions: CH 3+CO @
a

P(Ep)

Using the TPS detector, we perform coincidence mea- Lt
surements to probe for dissociation via Channels 1, 4, and 5. 10 i nainorgy G¥) " Toanslational Encigy (V)
For this set of experiments, the photodissociation laser is
fixed on one of the peaks marked in Fig. 2 and both fragFIG. 4. Photofragment translational energy distributi®f&+) and angular
ments are detected in coincidence. The photofragment magitributionsp(Ey) for CHs+CO. Statistical error bars of(Ey) represent
spectrum is easily found by conservation of linear mqmen-galci' t\:;?]r;g:fnﬁﬁg:?g:;sblaer‘e given in addition to the excess energy for
tum in the center of mass frame according to Et), and is
presented in Fig. 3 for both GE&HO and CQCDO. Despite
the limited fragment mass resolution wf Am~ 15, the use
of both isotopes of vinoxy demonstrates that the heavy fragef the angular distributions that yields more smoothly vary-
ment contains no hydrogen atoms. Therefore, the only prodng functions of the anisotropy parametgrwith E+. The
uct channel observeid coincidencds Channel 1, CkH-CO.  data are divided into translational energy windows of width
We see no evidence for production of,HG+OH or 0.4 eV, whereE’ is a running parameter such that
CH,+HCO. The results for Channel 2,+HCH,CO, will be E'<E;<(E'+0.4 eV). B is assumed to be constant over
discussed in Sec. Ill C. this 0.4 eV window and is determined from a linear least

Once the identity of the fragments are known, thesquares fit of the distributio(Et,6) to Eq. (10) with
coupled translational energy and angular distributionP(E) and B as the fitting parameters. The quantiy is
P(Er,6), is determined by direct inversion of the data usingthen incremented in 30 meV steps beginning véth=0 and
Egs. (8) and (9) along with the calculated detector accep- the fitting procedure is repeated until the entire energy range
tance functiorf’ The two dimensionaP(E,6) distribution  of the data is covered. In other worg3(Ey) is constructed
can be separated into an angle-independent translational eas a moving average over 0.4 eV windowskr. Using
ergy distributionP(E;), and an energy-dependent anisotropythese values oB(E+), a second linear least squares fit in the
paramete?,o that describes the angular distribution of the single parametelP(Ey) is determined for each individual 30

fragments meV wide energy bin, completing the separatiorP¢E+ , 6)
into two one dimensional distributions, i.eR(E;) and
P(Er.0)=P(ED-{1+BEDPcOsO). (10 e v
The limiting cases of si@ and co$ # angular distributions The resultingP(E;) and B(E+) distributions for photo-

are given byB=-1 and +2, respectively. Together, the dissociation of vinoxy yielding Ckf-CO and CR+CO are
P(E;) and B(Ey) distributions can yield detailed informa- shown in Figs. 4 and 5, respectively, for the vibrational lev-
tion on the dynamics of the dissociation process. els noted in Fig. 2. Each data set consists of 10 000 to 40 000
In analyzing the current experimerii; is binned in 30  coincident events. The translational energy distributions are
meV increments, whiled is binned in 1° increments. The similar at all photon energies for both isomers, peaking at
general data analysis scheme remains the same as in previost.9 eV. Both the width of the distributions and the most
papers, with the exception of one refinement in the analysiprobable translational energy increase slightly as the photon
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FIG. 5. Photofragment translational energy distributi®i&) and angular
distributionsB(E;) for CD;+CO. Statistical error bars o8(E+) represent
+10. Excess energy above the origin is referenced to Inoue and Akimoto’s
value (Ref. 14 for 03=28 840 cm*.

35 36 37 38 39 35 36 37 38 39
energy is increased, but the changes are minor. The angular Time of Flight (us) Time of Flight (its)
distributions are isotropi€¢B=0) at the lowest three photon

energies. However, anisotropic distributions wfE)>0 FIG. 6. Photofragment time-of-flight distributions for all photon energies
are observed at all energies 1408 ¢rand higher above the usedin Fig. 5. Laser polarization is either parallglor perpendiculafl) to

T ; T -.the radical beam axis. Circles are the experimental data. For all panels
B state origin. This apparently aerpt Change coincides Wltﬁexcept(f), the solid lines give total simulation. In pang], the solid line is

the large (_1rop i_n fluorescence quantum yield, and indicateg, experimental TOF distribution of parent radicéD,CDO) taken with
that the dissociation rate increases markedly between 9life detector displaced 10 mm vertically.

and 1408 crm! excess energy.

cantly forward/backward scattered by the dissociation event.
It is therefore a reasonable conclusion that these two features
C. Noncoincidence photofragment distributions represent the heavy and light fragments, respectively, of a

To determine whether thB state of vinoxy also decays dissociation channel whose mass ratio is at least 10:1. The

through Channel$2) and (3), noncoincident TOF distribu-
tions for CD,CDO dissociation are obtained using the third

type of experimental configuration described in Sec. Il B. 1.0
The data are shown as circles in Fig. 6, and Fig. 7 shows one 038
of these spectra in greater detail. The four photon energies 0.6
chosen correspond to the four coincidence spectra in Fig. 5. 0.4
TOF distributions are presented only for EZIDO, because 0.2
the detection efficiency of the MCPs for D atoms is substan- 0.0
tially greater than for H atoms due to the higher laboratory 0.020

kinetic energy of the heavier isotope. Even for D atoms, the

detection efficiency appears to be8% (see Sec. IV B of

that for heavy fragments such as £oér CO. 0.010
The appearance of all the TOF spectra is roughly the

same. Each consists of a sharp spike superimposed on a  0.005

broader peak that is about 100 ns wide. There is also a very

broad, weak feature from 3.5 to 385, better seen at 20

magnification, which has a FWHM ¢£10 times that of the

sharp spike. The sharp spike is only slightly broader than the Time of Flight (us)

TOF distribution of the undissociated parent radidaiea-

sured by moving the TOF detector off-center by several mmfFIG. 7. CD,CDO TOF distribution for 3140 cit excess energy, showing

; ; ; ; individual fragment contributions. Experimental d&f2), CD,CO (--), CO
see Fig. )], implying that these fragments have very little (=), CD, (). (@ sum of all contributions—): (b) Magnification to

velocity imparted to th_em by the dissociation _process. Th_%how D atom contributioti—); (c) P(Ey) distribution(—) for this fit, with
broad, weak feature arises from fragments which are signifiprior distribution also shown for comparis¢n-).

Relative Intensity

0.015

1 1 1
35 3.6 3.7 3.8 3.9
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FIG. 8. Schematic of potential energy surfaces of the vinoxy radical system. All energies are in eV, include zero-point energy, and are relgit#Oto CH

X(2A"). Calculated energies are compared, when possible, with experimentally determined values in parentheses. Transition states 1-5 are labeled, along with
the rate constant definitions from RRKM calculations. The solid potential curves to the left of vinoxy@gtsymmetry. The avoided crossiidotted line

which forms TS5 arises whe@ symmetry is broken by out-of-plane motion.

analysis in Sec. IV B shows that these two features are frorperformed multiconfigurational complete active space self
the D+CD,CO channel, and that the 100 ns wide peak undeconsistent field CASSCH calculationé® for the X, A, andB

the spike is from the CP+CO channel. electronic states of vinoxy with the 6-31G basis set. Build-
ing on earlier workk:*24we choose an active space which
consists of three electrons in the theéeorbitals|CAS(3,3)]

To supplement the experimental data and aid in inter_for the X andB states, while for thé\ state thea” lone pair

. n oxygen is excl nd the singl gdorbital on
preting our results, we have performab initio molecular on oxygen is excluded and the singly occupigdorbital o

orbital calculations using theaussian 9! and GAUSSIAN oxygen is included in the active space. The agreement with
. : ; : earlier calculatior’s?32%is very good with respect to ener-

94*“ suite of programs. Our main goal is to characterize sta—gieS geometries, and frequencies. We refine the CASSCF

tionary points on both ground and excited state potential en= "’ ' ’

ergy surfaces. The calculated energies, structures, and vibra-

tional frequencies at various minima and transition states are o _ _ o

very useful in assigning the PFY spectra in Fig. 2 and ur]_‘I'ABLE Ill. Ab initio energies of stationary points in Fig. 8.

derstanding the photodissociation dynamics of the system.

D. Ab initio electronic structure calculations

- . ) A Method Species Relative enefgy

The absolute and relative energetics of the various minimas —
transition states, and asymptotic states relevant to the vinox§2/G2Q CHCHO X(°A") 0.0
system are shown in Fig. 8 and tabulated in Table IllI, while CH3C$S§( A _01'37;
geometries and vibrational frequencies are listed in Tables TS2 174
IV and V. Figure 8 is a schematic representation of the sur- TS3 0.44
faces involved in this system, sections of which have been CH;+CO 0.04
previously investigated by Donaldset al® and Deshmukh H-+CH,COX("Ay) 1.50

43 . . H+CH,COa(?A") 3.90
et al™ The zero of energy is chosen to be the zero-point C,H,+OH 557
level of the CHCHO X(?A”) potential well. The only ex- CH,+HCO 4.6
perimentally determined barrier height is that for dissociationcASScr3,3-mMp2/6-31G* CH,CHO X(?A") 0.0
of acetyl (CH;CO) to CH;+CO, (TS3), found to be 0.75 CH,CHO A(*A") 0.73
+0.02 eV***® This agrees well with our calculated barrier _ CHCHOB(A" 3.52
height 0.44-0.31=0.75 eV, with respect to the GBO well, ~ ASSCRO.IMP2IG81GT - EH,CHO ﬁgzﬁg o

We have used the G2and G2d’ methodologies for the > Is4 209
ground state surface. These methods have been comparetheriment CHCHO A(?A") 0.99
extensively with experimental thermodynamic values and CH,CHO B(*A") 3.569

give accuraté+0.1 eV) estimations of dissociation energies.
Because the single determinant wave functions in the GZEreference 13.
treatment do not work well for excited states, we have alsGReference 15.
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TABLE IV. Ab initio geometries and frequencies of stationary points in Ff). 8.

CH,CHO X(2A")>¢ CH,CHO A(2A’)¢ CH,COPe TSI TSZ 1S3 TS4 TS5
Geometries

r(C,Cp)=1.456 r(C,Cp)=1.333 r(C,Cp)=1.513 r(C,Cp)=1.410 r(C,Cp)=1.340 r(C,Cp)=2.113 r(C,Cp)=1.324

r(C,0)=1.200 r(C,0)=1.348 r(C,0)=1.196 r(C,0)=1.204 r(C,0)=1.163 r(C,0)=1.147 r(C,0)=1.195

r(CyHo)=1.082 r(CyHo)=1.074 r(CpHo)=1.092 r(CyHo)=1.094 r(CyHo)=1.083 r(CpH.)=1.087 r(CyHc)=1.068

r(CyHp)=1.082 r(CyHp)=1.072 r(CyHp)=1.092 r(CyHp)=1.083 r(CyHp)=1.083 r(CyHy)=1.087 r(CyHp)=1.073

r(CaHa)=1.110 r(CaHa)=1.098 r(CpHa)=1.093 r(CyH,)=1.481 r(CyH,)=1.888 r(CyH,)=1.085 r(C,H,)=1.66

£(C,C0)=1236  /(C,C,0=124.7 /(C,C,0)=127.5 /.(C,C,0)=139.3 £(C,C0)=172.1 /.(C,C,0)=115.1 £/.(C,C,0)=157.5
/(H.C,Cy)=118.7 ~(H.C,Cy)=121.8 «(H.C,C,)=108.6 £ (H.CyCx)=122.0  ~£(H.C,C,)=116.7 /£ (H.C,C,)=99.6 £ (H.CyCy)=121.2
£ (HyCyCa)=121.3 £ (H,C,Cp)=119.6 ~(H,C,C,)=108.6 £ (H,CoCa)=117.8  £(H,C,Cy=116.7 £ (HpC,C,)=99.6 £ (HpC,C,)=118.3
/(H,C,0=1215  £(H,C,0=111.4 /(H,C,C,)=111.1 /. (H,C,C,)=52.6 /. (H,C,Cy)=111.3 /(H,C,C)=103.1 £ (H,C,0)=98.5

£(H.CpC0=121.6  £(H.C,C,0=117.0 £(H.C,C,0)=1050 £ (H.C,C,0)=59.5

£ (HyCyC,0)=—121.6 2 (HpCyC,0)=—68.5 ~(HpCp,C,0)=—105.0 ~(H,C,C,0)=-59.5

£ (H,C,C,0)=0.0 £.(H,C,C,0)=0.0 £ (H,C,C,0)=0.0F £ (H,C,C,0)=180.00

Frequencies

3081 3431 2950 3276V)h 3304 3276 3465 3100
2985 3336 2946 3098V) 3202 3260 3349 3100
2901 3107 2871 1966V) 2194 3105 2026 1700
1441 1773 1913 1846V) 1425 2044 1584 1450
1392 1550 1433 146%V) 1118 1453 1190 1300
1267 1352 1432 1229T) 1033 1446 1100 1200
1089 1183 1356 1126T) 799 939 714 1150
947 1025 1037 1036V) 571 611 592 700
910 956 938 836R) 567 547 542 700
704 864 827 633V) 426 277 432 700
482 714 454 438R) 309 43 169 400
474 484 85 1675 (T) 801t 466 1504

aSee Fig. 8 for atom label definitions.

bGeometry from G2 method: MP2/6-31G

‘Frequencies from G2 method: UHF/6-31Gcaled by 0.8929.
dGeometry and frequencies are CAS$5,5)/6-31G .

fGeometry and frequencies from G2Q method: QCISD/6-311G
Frequencies estimated from Ref. 65.

9Fixed.

"Motion into which vibrations develop asymptotically. See Sec. V B 2.

energetics using single point CASSCF-MP® include dy-  experiment, and that the calculated C—C and C-O bond
namic electron correlation. lengths for theX(?A”) state differ considerably from the
The direct bond cleavage GEHO—H(?S)+CH,CO  experimental values. A CASSCF calculation of the geometry
requires a CASSCF wave function to properly describe thdy YamagucHi* using a largefDZP) basis set yields results
spin coupling, since the ground state of vinoxyGa sym-  similar to ours, indicating that the good agreement found by
metry correlates with CsCO a (iA”), while the A state of Dugyi521 between the experimental aad initio geometry of
vinoxy correlates with CHCO X(*A;). For dissociation theX(?A”) state(using a smaller 3-21G basiwas probably
along the reaction coordinate leading to triplet ketene, fivdfortuitous. The disagreement arises mainly because CASSCF
electrons are distributed among five orbitdlSAS(5,5)], neglects dynamic electron correlation. To obtain a bench-
which are chosen to be the Czldt bond (1@’), the C—On  mark for the CASSCF error in the excited state geometries
bond (1a”), the unpaired electron on the methylene @(2  and frequencies, we have performed a QCA%H31G™* ge-
the C—O=* orbital (32"), and the C—H o* orbital (11a").  ometry optimization and frequency calculation on £HO
This active space contains the most important configurationX(?A”). From this comparison we have an estimate of the
needed to describe the breaking of the G4tdnd along error in the calculated CASSCF vibrational frequencies for
with the resonance character of the CCO backbone as déhe B state, which cannot be calculated using QCISD.
scribed by Dupuiset al?! The C—H, cleavage of CHCHO The results given in Table V demonstrate that the bond
A(A’) to singlet ketene is investigated by a similar exten-lengths are in better agreement with the microwave values
sion of the active space. Again, the energetics are refinethan previous multiconfigurational studies. The agreement is
using CASSCF-MP2. not yet quantitative, as the QCISD C—C bond length is 0.026
A comparison of calculated and experimental excitedA longer and C—O bond length 0.020 A shorter than experi-
state energies in Table Ill shows that the CASSCF-MP2ment, respectively. Compared to the CASSCF frequencies,
treatment gives a fairly good description of the vinoxy ener-the QCISD frequencies are consistently lower for tha'9
getics. However, Table V shows that the CASSCF vibra-modes and roughly equal for thea3 modes, and are there-
tional frequencies are systematically too high compared tdore in improved agreement with experimental values from
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TABLE V. Comparison of CASSCF/6-31G, QCISD/6-31G*, and experimental geometries and
frequencies.

Method X(2A") CAS(3,3 X(2A") QCISD Experiment B(?A”) CAS(3,3 Experiment
r(C,C,)° 1.436 1.434 1.408 1.450 1.468¢
r(C,0) 1.224 1.241 1.261 1.360 1.337
r(CoHo) 1.073 1.080 1.081 1.072 1.069
r(CoHp) 1.073 1.081 1.080 1.071 1.069
r(C,Ha) 1.089 1.100 1.088 1.075 1.069
£(C,C,0) 122.6 122.6 122% 1215 129.5
Z(H.CyCp) 119.4 119.2 120.1
£(HpCyCp) 121.0 121.2 119.9
/(H,C,0) 119.7 120.4 116.8
1(CyHHp asym. st a’ 3447 3353 3460
vy(CyHHp sym. str) a’ 3333 3233 3348
vy(C4H, stretch a’ 3207 3057 3362
14(C,0O stretch a’ 1666 1593 1540 1881 1628
v5(CpyHHp, scissorga’ 1598 1522 1454 1561 1407
vg(OC,H, bend a’ 1519 1439 1361 1438 1274
v7(CyHHy, rock) a’ 1216 1179 1141 1212 1123
5(C,C, stretch a’ 1036 993 949 998 918
5(C,C,0 bend a’ 537 507 498 480 449
v1o(CoH, wag) a” 981 977 453 437
111(C,GC,, torsion a” 467 446 245 274
v1(CoHHp wag) a” 666 713 267

#Polarization functions on H with CAS,3) accomplish a similar lowering of tha” vibrational frequencies
found from a larger CAS in Ref. 24.

bSee Fig. 8 for atom label definitions.

‘Reference 16.

“Reference 15.

€Fixed.

fReference 15, AIP-document No. PAPS JCPSA 81-2388H&requencies in column

9Current work(all frequencies in column

dispersed fluorescenée.The systematic lowering of fre- signed to a mode, the spectrum is simulated using approxi-
quencies and improved geometry is evidence that QCISDBnate Franck—Condon factofECP from Yamaguch?® the
more accurately describes the electronic structure ofibrational constants are refined, and certain peaks at higher
CH,CHO X(%A”). Presumably, basis set extension forenergy in the experimental spectrum are assigned as combi-
QCISD would further improve the comparison of theory to nation bands. Higher frequency vibrational modes are then
experiment. The comparison between QCISD and CASSCRdded, one by one, and the process is repeated until the ma-
for the ground state suggests that the CASSCF frequencigsrity of the peaks in the spectrum are predicted by the simu-
for the B state are also too high. This will be useful in inter- |ation.

preting the photofragment yield spectrum in Sec. IV A. The simulated CHCHO spectrum is shown in Fig(a,
the peak assignments are listed in Table I, and the frequen-
IV. ANALYSIS cies for theB state obtained from our analysis are listed in

Table V. Since the intensities in the simulation mimic the

In this section we analyze the vibrational structure in the, . . . .
d FCFs for absorption, the predicted intensity for several of the
CH,CHO photofragment yield spectrum and present Mont . . . -
owest energy transitions is too great. The photodissociation

Carlo simulations of noncoincident photofragment TOF dis- . - .
tributions. yield &4 for these transitions is small, so they are not as

intense in the PFY spectrum as in the absorption and LIF
A. Photofragment yield spectrum spectra. In the region where no fluorescence is observed, the

The vinoxy radical has 12 vibrational modes which have@Psorption and photofragment yield intensities should be
been assigned principal characters by Yamaddets given identical, since essentially all the excited molecules dissoci-
in Table V: 3 out-of-planea” modes, 6 in-plan@’ modes ate rather than fluoresce.
involving the heavy atoms, and 3 high frequeredymodes Using this iterative method we assign progressions in all
which are primarily hydrogen stretches. The large number o$ix of the heavy atona’ modes,v,~vg, and 2 of thea”
totally symmetric modes makes the assignment of the vibramodes,v;o and »;. The vinoxy radical is planar in both the
tional structure in the PFY spectrum nontrivial. We follow a X and B states'’ so that(in the absence of vibronic cou-
systematic procedure, simulating the spectrum with the aigling), excitations in nontotally symmetrig” vibrations are
of ab initio frequencies. Starting with the lowest peaks in theallowed only forAv=0,+2,+4,.... Due to the large change
spectrum of Fig. @), the fundamental vibrations are as- in ab initio frequencies of tha” modes between thé¢ andB
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states, it is not surprising that these modes are active. Owand angular distributions of Channel(CD;+CO) have al-
vibrational assignments agree with those of Gefj@l!’ ex- ready been determined, any new features in the observed
cept for their assignment ofs=1406 cm* and 1s=1433  noncoincidence TOF distributions must be due to a second
cm %, which contrast with our assignments @§=1274 product channel. We can extract information on the dynam-
cm ! and »s=1406 cm®. Our assignment of they fre- ics of this channel by employing a forward convolution tech-
guency seems to be more in line with the CASS&Hnitio  nique to simulate the experimental TOF data. In this analy-
frequencies(Table V) which are consistently 7%-11% sis, a set of product channels, each with its of(E)
higher than experiment for th¥ state. Overall we find a distribution and anisotropy paramef@rserves as inputs to a
more consistent match of the simulated and experimentalionte Carlo forward convolution progratwhich generates
PFY spectrum with our assignments. Note that not all of thehe 1-D TOF distributions that would be observed in our
experimental peaks listed in Table | are assigned, and thaixperiment based on the apparatus geometry and finite spa-
the assignment of the peak at 29 976 ¢rto the §113 tran-  tial acceptance of the detector. By comparing the predicted
sition requires vibronic coupling that presumably involvesTOF distributions with the experimental distributions, the
the A(*A’") state. initial estimate for channels other than ¢BCO can be re-

A comparison of the photofragment yield spectrum offined as needed until the simulated and observed TOF distri-
CH,CHO in Fig. 2b) with the simulation in Fig. &) and the  butions agree.
LIF spectrun® shows mode specific competition between For Channel 1, theP(E;) distributions in Fig. 5 are

fluorescence and dissociation for the lower vibrational levelsised, ang3=0.4 is taken as the energy-independent value of
of the B state, with excitation o&” vibrational modes result-  the anisotropy parameter; this is the average valyg atfthe
ing in higher @y than nearby levels in which onlp”  excitation energies where TOF measurements were taken.
modes are excited. For example, excitation of thg add  The contribution of CRand CO to the total TOF is shown in
105 transitions @") at excess energies of 547.7 and 873.5Fig. 7(a). The remaining features in the TOF data are the
cm*, respectively, results in a significantly highgssthan  narrow spike in the middle of the distribution and the broad
the nearly isoenergetig@nd & transitions &') at 449.0 and  wings at the edges of the spectrum. Only Channels 2 and 3,
917.6 cm L. The implications of this effect will be discussed CD,CO+D and DCCO*D,, are consistent with these fea-
further in Sec. V E. tures. The thermodynamics for the two channels differ by
The photofragment yield spectrum of @CDO in Fig.  only 0.06 eV'?52"making them both energetically feasible.
2(c) appears substantially different than that of lHO.  However, the kinematics are quite different; i§-BDCCO is
The differences between these spectra arise for two reasongssumed to be the sole heavy—light channel RtE;) dis-
First, the vibrational levels in thB state are shifted to lower tributions required to simulate the broad wings extend be-
frequency upon deuteration; theib initio values have been yond the maximunE; allowed by thermodynamics. More-
calculated by Yamagucﬁ?. Therefore, deuteration will over, the D{-CDZCO channel results from Simp|e bond
change both the positions and the FCFs of thefission and should have at most a small exit bartied.3
B(*A") —X(*A") absorption spectrum in GIZDO. Second, eV), while elimination of B, would pass through a more
the quantum yield for dissociation as a function of photonstrained four-center transition state, causing a substantial bar-
energy is different than that of GBHO. In particular, we  rier on the potential energy surface. Therefore, elimination of
cannot detect any resolved dissociation signal for photon em, should be kinetically disfavored compared to simple bond
ergies less than 29 828 crh implying that the dissociation fission, and we propose that Channel 2 is the only channel
rate at low excess energies is slower than that fop@H.  other than Channel 1 contributing to the TOF distributions.
However, the intense cluster of six peaks around 29 975 Because we expect a rather small exit barrier for Chan-
cm ! implies a substantial increase in the dissociation ratge| 2, a plausible initial estimate for ti E;) distribution is
~1100 cm* above the origin level. This energy is similar in a prior distributior?® i.e., the approximate distribution ex-
magnitude to the energy at which fluorescence is quenchegected for statistical dissociation with no barrier, shown in
and the photofragment angular distributions become anisggig. 7(c) (dashed ling However, the experiment is most
tropic in CH,CHO. Due to the lack of structure in the first sensitive to translational energi&;>0.5 eV, and agree-
1000 cnmi* of the PFY spectrum of CEEDO, we have not ment with the data is much better with a slower fall-off at
attempted to assign the vibrational modes in this spectrunhigherE; shown by the solid line in this figure. We find that
The data from a full LIF spectrum of the deuterated specieg=0.25 gives the best overall fit using tH§E;) distribu-
would make assignments more tractable. tion; larger values of3 cannot fit data from both polariza-
tions simultaneously. An additional parameter in the simula-
tions is the detection efficiency of D atoms. This should be
independent of the photon energy or polarization, and only
values in the range o&8% efficiency can simultaneously
The noncoincidence TOF distributions in Fig. 6 are duereproduce the data at all four photon energies and both laser
to all the fragments produced in the dissociation of the vi-polarizations.
noxy radical. A direct inversion of this data to give the trans-  The resulting overall fits including the contributions for
lational energy and angular distributions for all productChannels 1 and 2 are shown as solid lines in Figs. 6 &ad 7
channels is clearly not feasible. However, because the energnd are in good agreement with the data. ™{&) distri-

B. Monte Carlo forward convolution for CD  ,CDO TOF
distributions
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butions for Channel 2 at all measured photon energies ar€hannel 2. We then consider how IC might connect the ini-
similar to the distribution in Fig. (€), peaking close to zero tially excited electronic state to the ground state on which
and with a maximuni of around 1.3 eV. This approximate dissociation occurs.
independence from the photon energy was also seen in Chan-
nel 1. _ _ _ B. Dissociation mechanism and product state

The branching ratio of Channels 2 to 1 derived from thegjstributions: CH ;+CO
simulation of the TOF distributions is 4:1, with negligible
dependence on the photon energy. However, because of tHe Barrier to dissociation of Channel 1
insensitivity of the simulation to low translational energies  The P(E;) distributions for Channel 1 all peak in the
for Channel 2, we estimate that the true branching ratio coulgange ofE;=0.9-1.0 eV. If this channel resulted from sta-
range from 2:1 to 6:1. In any event, we believe thattistical dissociation on a surface with no exit barriee., no
CD,CO+D is the major product channel at all photon ener-parrier with respect to produgtsone would expect a trans-

gies studied. lational energy distribution described by phase space theory
or a prior distribution, peaking very negr=0. This clearly
V. DISCUSSION disagrees with our experimental evidence. On the other hand,

the distributions for Channel 1 are consistent with statistical
dissociation over an exit channel barrier. Such a process is
The most important experimental results are as followsstatistical in the sense that energy randomization occurs prior
(1) The photofragment yield spectrum shows that,CHO  to dissociation, but passage over the barrier results in rapid
predissociates across the enBEA”)«— X(?A”) band. Pre- release of energy which isot statistically distributed among
dissociation and fluorescence are competing processes, withe product degrees of freedom. Instead, a substantial frac-
predissociation dominating at energies400 cm® above tion of the barrier height is converted to fragment translation,
the B state origin(2) Below 1400 cm?, there is some mode resulting in aP(E;) distribution peaking at 40%—-80% of the
specificity in the competition between fluorescence and disbarrier height? Therefore, our experiment&(E;) distribu-
sociation, with vibrational levels in which” modes are ex- tions for Channel 1 imply a barrier with respect to products
cited dissociating more rapidly than neaddylevels.(3) The  of between 1.1 and 2.2 eV in the GHCO exit channel. The
CH;+CO photofragment angular distribution is isotropic at nature of this barrier can be inferred from aly initio cal-
low energies but becomes anisotropic wtE;) >0 above culations. Figure 8 shows that the reaction coordinate to
1400 cm L. (4) The photofragment translational energy dis- Channel 1 on the ground state surface involves passage over
tributionsP(E+) are relatively independent of excitation en- two barriers: TS1, the barrier to isomerizationa a 1,2 hy-
ergy for Channels 1 and 2, and peak at energies well belowrogen shift between CHCHO and the acetyl radical,
the maximum allowed by energy conservation. CH,CO, and TS3, the barrier to elimination of CO from
The last observation is the most important as it impliesCH;CO. TS1 is the higher energy transition state and is
that dissociation does not occur by coupling of Bietate to  found to be a nearly planar GBO moiety with the out-of-
a repulsive surface correlating directly to products. Dynam+lane migrating H atom shared between the two carbon at-
ics occurring on a repulsive excited state typically deposit @ms. This isomerization is reasonably facile becauseathe
large fraction of the available energy into relative translationunpaired electron on the methylene carbon in Xhstate is
of the fragments, and one expects &) distributions to  available for bonding with the migrating H atom.
shift towards higheE as the excitation energy is increased,; The calculated energies of TS1 and TS3 are 1.74 and
both of these effects were observed in photodissociation dd.40 eV, respectively, above the gHCO products. The lat-
CH;0,'° for example. TheP(E;) distributions for CHCHO ter value agrees with the experimentally determined exit bar-
imply a different mechanism, in which Channel 1 rier to CH,CO dissociation, 0.36 e¥° but is too low to
(CH;+CO) results from the dissociation of a strongly bound account for ourP(Ey) distributions for CHCHO dissocia-
state over a substantial barrier, whereas Channel #on. On the other hand, the calculated barrier height for TS1
(H+CH,CO), for which theP(E) distributions peak near is in the range expected based on th¢E;) distributions.
E;=0, results from dissociation of such a state over a mucfThe simplest mechanism consistent with our data and the
smaller barrier. PES is that after traversing TS1, dissociation occurs so rap-
In the following discussion, this mechanism is consid-idly that the small barrier TS3 does not trap the radicals in
ered in more detail. We will show that the set of resultsthe CH,CO well, nor does TS3 control the final product
obtained here is consistent with the initial electronic excita-states. Therefore, we can envision, for the purpose of under-
tion being followed by internal conversidfC). This process standing the product state distributions, a simplified PES
eventually populates the ground electronic state where erwith only a single barriefTS1) between CHCHO X(2A”")
ergy randomization occurs, followed by decomposition toand CH+CO. This hypothesis can be tested by comparing
the two observed product channels. We first consider théhe P(Ey) distributions we observéig. 4) against the pre-
asymptotic final state distributions for the two channels andlictions of photodissociation dynamics moddkee Sec.
the branching ratios that would be expected from such & B 2). _
mechanism; most of this discussion focuses on Channel 1, As an aside, we note that if GBHO A(?A’) were
since considerably more detailed data are available than fdormed by IC, the 1,2 hydrogen shift would be much less

A. Implications of the experimental data
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favorable because the there is &=C double bond in this
state?'?* Forming the transition state analogous to TS1
therefore requires significant torsional distortion of the-C
double bond to a nonplanar geometry, in addition to the
strain energy associated with the tight transition state, result-
ing in a high energy transition state. It therefore unlikely that
CH;+CO production is feasible on the surface.

2. Statistical adiabatic impulsive model

In this section, we present a simple model to describe the
dissociation dynamics of a molecule undergoing statistical
decomposition over a barrier. Simple models predicting the
P(E+) distribution for molecular photodissociation can be
divided into two categoriesStatistical modelgredict the
P(E+) distribution for unimolecular dissociations through a
loose transition state(TS). Examples include prior
distributions>* phase space theory,separate statistical en-
sembles methotf, and the statistical adiabatic channel
model®® Sudden approximation modelsuch as Franck—
Condon(FC) mapping® and the impulsive modéf are more
suitable for predicting th&(E+) distribution for direct dis-
sociation on a repulsive potential or over a barrier associated
with a tight TS.

For excitation energies in proximity to the barrier height,
the repulsive nature of the potential dominates the dissocia-
tion process, and the sudden approximation can often predict
the product state distributions. However, for excitation en-
ergy in significant excess of the barrier height, which we
believe is the case for Channel 1, a more general approach is
required combining both statistical and sudden models. As
an example of such an approach, Noethal >® have devel-
oped the barrier impulsive model which predicts #werage
energy in product translation, rotation, and vibration for dis-
sociation over a potential barrier. We have developed a
qualitatively similar approach, the statistical adiabatic impul-
sive (SAl) model, in order to predict the(E;) distributions
for Channel 1. The SAlI model is described briefly here and
will be presented in more detail elsewhé?e. y N |

As shown in Fig. @a), the total energy available to the 0.0 1.0 2.0 3.0

products(E,,,;=hv—D,) is divided into two separate en- Translational Energy (e V)
ergy reservoirs: a statistical reservdéihe energy from the

TS up to the total available energy, i.&ya=Eawi—Ers) g, 9. (g Definition of terms in the statistical adiabatic impulsi@Al)

and an impulsive reservoithe energy of the TS relative t0 model.(b) Comparison of SAK---) and experimental—) P(E-) distribu-

the ground state energy of the products, Eg,,=E+s). The  tions for CH+CO at three selected energies.

energy of the TSE+g, corresponds to the zero-point level of

TS1 with respect to the CHCO products. The SAI model

requires knowledge of the TS geometry, frequencies, angroductT. The remaining seven vibrational modes at the TS

normal modes, which in the present case are taken from oware the only modes that asymptotically correlate with product

ab initio calculations. V. These designations are given next to vibrational frequen-
We assume that energy is randomized among all vibraeies for TS1 in Table IV. Next we make the assumption that

tional modes at the transition stafiee., the top of the bar- beyond the TS the internal motions evolve adiabatically to

rier). For the statistical reservoir, each vibrational mode afproducts. This assumption seems justified because the frag-

the transition state is correlaf®dwith a particularproduct  ments will separate rapidly after traversing the transition

vibrational (V), rotational R), or translational 7) degree of state region. Hence, for each possible vibrational state at the

freedom. For example, in the GBHO system at TS1, two TS, the quantum numbers in each mode are preserved

skeletal bending modes correlate with prod&gtand two  throughout the dissociation. The vibrational energy deficit or

stretching modes and the reaction coordinate correlate withurplus for each state is assumed to flow freely betwéen

P(Er)

P(Ey)

P(E1)

J. Chem. Phys., Vol. 106, No. 8, 22 February 1997



3062 Osborn et al.: Photodissociation spectroscopy of the vinoxy radical

andT degrees of freedom, while energy at the TS in the twoperiments offer convincing evidence that the translational en-
skeletal bends goes entirely into prodit This yields the ergy distributions are determined by the 0.36 eV exit barrier
internal energyP.(E;,) distribution for the statistical res- (TS3 and depend only weakly ofE;,). In addition, the
ervoir. The product state distribution of the fragments fromsignificant differences in thé>(E;) distributions in these
this reservoir is not strictly statistical in the sense of a priorexperiments compared to ours supports our hypothesis that
or PST distribution, in which the energy is randomizedthe dissociation dynamics of GBHO—CH;+CO are not
among fragment states. Rather, energy is statistically distribdetermined by TS3, but rather by TS1.
uted at the tight TS and evolves adiabatically to the products. In the second set of experiments, iy et al®® and
The impulsive reservoir's contribution to the product en-Hop and Holme® have studied the dissociation of GEO
ergy distributions is determined by the TS geometry. For thigproduced by charge neutralization of gEO* with Na, K,
reservoir, the vibrational energy distribution of the productsor Cs atoms. The work by Kaig et al. is particularly rel-
is determined by Franck—Condon projection of the zero-evant to our results, as they measured the translational en-
point TS wave function on to the asymptotic product waveergy release of the dissociation to HCO in a fast beam
functions. For each final vibrational state, the remaining endissociation experiment similar to ours. They estimate that
ergy in the impulsive reservoir is partitioned between transexcited acetyl is created wittg;,)~1.9, 2.7, or 3.1 eV of
lation and rotation using a rigid impulsive model based oninternal energy, when formed by the three alkali atoms, re-
the TS geometry. Th®;,,(Ej,) distribution for the impul-  spectively. TheilP(E) distributions depend little on the al-
sive reservoir is the sum of the impulsive model result forkali atom used, and are remarkably similar to our distribu-
each combination of vibrational product states, weighted byions in Fig. 4, peaking at 0.8 eV. However, since £i@"
their FC projection factors. For vinoxy dissociation throughhas a lined CCO backbone, whereas neutral
TS1, approximately 55% of the exit barrier height evolvesX(?A’) has £(CCQO)=127°, the Franck—Condon overlap of
into Et. The Ping(Efy,) distribution is independent of exci- the ion with the acetyl ground state is expected to be poor.
tation energy, as the energy of this reservoir remains conNimlos et al.3ipredict that an excited state of acetyl, the
stant. This provides an explanation for the maximum intendinear CHCO A(%A”) state, lies~1.3 eV above the ground
sity at~0.9 eV in the experimentd?(E) distributions and state. We therefore surmise that in charge neutralization ex-

its relative independence on excitation energy. periments, CHCO is formed in the excited state, due to
Finally, the overallP(E;,) distribution is created by a better FC overlap with the linear cation. Furthermore, the
convoluting the statistical and impulsive distributions P(E;) distributions of Kanig are not consistent with the

- work described above by Nofth®®®°and Krogeff* in which
p(Eim)zf Psta Eind) - Pimp(Eint— Ein) dEfny - (11) dissociation definitely occurs on the grounc_i sta_te_ PES.
0 Therefore, we can only conclude that the dissociation to

The translational energy distributid(E;) is then obtained CHs*CO studied by Kenig either occurs on an excited state
by plotting P(E;y) VS E1=E,—Ein. We emphasize that surface, or that 'ghey grosgly underestimate the valu&gh
the SAI model contains no adjustable parameters and cor®f the acetyl radicals. In either case, the resemblance of their
serves energy in each separate reservoir and therefore for théEr) distributions to ours seems to be purely coincidental.
overall process.

The predictions of the SAI model and experimental
P(E;) distributions are shown in Fig.(§) for three excita-
tion energies. The reasonable agreement between the mo

C. Dissociation mechanism and product state
gé?tributions: H +CH,CO

and the data lends credence to the idea thatPtie,) dis- The P(E+) distributions for Channel 2 peak ndaf=0.
tributions for Channel 1 are determined largely by the heightUsing the same arguments as in Sec. V B 1, this channel
and geometry of the vinoxy/acetyl isomerization barrier.  likely results from statistical dissociation over at most a

small exit barrier along the reaction coordinate. From Fig. 8,
we can determine if such a mechanism is plausible. There are
three possible routes to-HCH,CO. The first two possibili-

In experiments related to the vinoxy system, severaties are direct C—H bond fission from GEHO X(2A") or
groups have examined the fragmentation of the acetyl radiCH,CHO A(?A’) as shown on the left side of Fig. 8. The
cal, CH;CO—CH3;+CO. In these experiments, GEO is not  third route is direct C—H bond fission from the isomerization
laser-excited to a state of specific energy, as in the preseproduct CHCO, shown on the right side of Fig. 8.
work on CHCHO, but is instead prepared with a distribution All three routes have barriers with respect to products,
of internal energies by eithéi) photodissociation of acetyl because the reverse reaction of #5(+CH,CO X(*A;) in-
halides CHCOX (X=CI,*>%Br,*? |%%) and acetoné® or (i)  volves a radical reacting with a closed-shell molecule. TS2,
charge neutralization of the acetyl cation, LMD" .°2%3In  the barrier to C—H bond fission from GEO, lies only 0.24
the photodissociation experiments, £ is formed with eV above the product asymptote. However, TS2 lies 2.05 eV
average internal energfg;,»=0.8, 1.3, 1.5, or 1.7 eV, de- above the CHCO minimum, whereas the barrier to C-C
pending on the photon energy and the identity of the primarypond fission, TS3, lies only 0.75 eV above 3. Once
photofragment(Cl, Br, I, or CHy). In all cases theP(E;) isomerization to CHCO occurs, Channel 1 should therefore
distributions for CH+CO peak at 0.22—-0.3 eV. These ex- be strongly favored over Channel 2. However, we observe

3. Comparison with CH ;CO decomposition
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TABLE VI. RRKM dissociation rate constants. Based on the discussion in Sec. V B, isomerization
Photon energy Ka(E) (5 109 K(E) (5 7107 _should_ be the rate-limiting step for Channel 1, so the branch-
ing ratio can be computed from these two elementary reac-
hv=28785 1.0 4.2 tions alone. The ratif,/k, is ~4:1, a value which matches
hv=31 000 16 6.5 the experimental branching ratio. Although this excellent
hv=33 300 2.4 9.3

agreement may be fortuitous, it further supports our pro-
posed mechanism in which Channels 1 and 2 result from
dissociation of CHCHO on its ground state potential energy

that the Channel 2: Channel 1 branching ratio is approxiSU.rface: with the dy.n.amics and branching ratio largely deter-
mately 4:1. It is therefore unlikely that passage over Tszmlned by the transition states TSl.and TS5, for isomeriza-
contributes significantly to Channel 2. tion and C—H bond fission, respectively.

CH,CHO X(2A") correlates adiabaticallin C, symme-
try) with the 3(*A”) excited state of ketene, while the first
excited vinoxy state, CKCHO A(?A"), correlates adiabati-
cally (over barrier TS#with ground state keteré(*A,). At The preceding discussion strongly indicates that Chan-
nonplanar geometries the two surfaces may couple throughels 1 and 2 result from dissociation on the ground state
an avoided crossing, allowing the dissociation pathwaypotential energy surface, but has not considered how elec-
CH,CHO X(?A")—CH,CO X(!A;)+H. The exit barrier tronic excitation of theB state is converted to vibrational
TS5 along this path is suggested in Fig. 8, although we havexcitation of theX state. There are two likely pathways for
not definitively located a nonplanar transition state in ourthis internal conversion process. The simplest is direct inter-
calculations. We adopt an exit barrier height of 0.1%%V nal conversion from th@&(?A”) to X(°A”) states, with the
advocated by Benson for the addition reactionr ®H,CO  radiationless transition rate determined by Fermi's golden
on the ground state surface. The transition state frequencigsle. On the other hand, the vinoxy radical has two low-lying
for TS5 (Table 1V) are also estimated using values given byexcited states in addition to thB(°A”) state, namely the
Bensorf® TS5 lies considerably lower in energy than TS4A(°A’) and C(°A’) states, with term values of 0.99 eV
with respect to the H CH,CO products, and thB(E;) dis-  (experimentaf) and 4.60 eV(predicted®), respectively, at
tributions for Channel 2 are more consistent with dissociaplanar geometries. One must therefore consider whether en-
tion on the ground state surface over TS5. ergy flows to theX(?A") state via one or both of these states.

Experimental data on the fluorescence and dissociation
rates are relevant to the nonradiative relaxation mechanism.
Barnhardet al® and Rohlfin§” have measured fluorescence

In this section we consider the relationship between thdifetimes on the order of 100 ns for several vibrational levels
product branching ratio and the proposed mechanism foof theB state with less than 1400 cthexcess energy. These
Channels 1 and 2. TS5, the barrier along the most likelyalues are entirely consistent with the photofragment angular
reaction path for Channel 2, lies slightly lower in energy distributions for Channel 1 in this energy range, all of which
(1.63 eV} with respect to the CKCHO X(?A”) minimum  are isotropic, indicating that the excited radical lives for
than TS1, the isomerization barriét.78 e\). In addition, many rotational periods before dissociation occurs. The non-
TS5 is a “looser” transition state than TS1, since it involvesradiative rates in this energy range must be comparable to
bond fission rather than rearrangement. One would thereforte fluorescence rates since fluorescence and dissociation are
expect statistical dissociation on the ground state to favocompetitive. Given that the RRKM rate consta(ifable VI)
Channel 2, in agreement with the experimental results thaare at least 18s72, it is clear that nonradiative relaxation is
show this channel to be favored by about 4:1. the rate-limiting step for dissociation below 1400 ¢

To put this argument on a more quantitative footing, we ~ However, above 1400 ci, the fluorescence yield drops
can compute the RRKM rate constants=[W(E™)]/  abruptly***and the photofragment angular distributions be-

E. Internal conversion

D. Product branching ratio

[hp(E)] for the two elementary reaction steps come anisotropic. This indicates a rapid increase in the non-
K radiative rate. We can quantify this increase by recognizing
CH,CHO— CH;CO, (12)  that the anisotropic angular distributions above 1400 tm
~ Ko —~ imply a lifetime of the excited radical with respect to disso-
CH,CHO X(?A’)—H+CH,CO X(A,), (13 ciation of less than a rotational period. The appropriate rota-

where W(E™) is the total number of available vibrational tional constant for calculating the rotational period of this
states at the transition statejs Planck’s constant, anel E) nearly prolate symmetric top i8(+ C)/2=0.35 cm %; using

is the density of reactant vibrational states. Bp{fe) and J=10 (K=0) as an average value, the rotational period
W(E™) are calculated using the Beyer—Swinehart algorithmabout theb andc axes is approximately 5 ps. In order for
and the vibrational frequencies for the reactant and transitiodissociation to occur on this time scale, the overall internal
states from Table IV. The resulting rate constants at a feveonversion process populating the ground state must be at
representative photon energies are given in Table VI. Théeast this fast, so its rate must increase by about 4 orders of
dissociative lifetimes on the ground electronic surface are imagnitude in a relatively narrow interval around 1400 ¢m
the range of 1-10 ps. excess energy.
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Based on Fermi's golden rule, one would expect the in-state will produce radicals with relatively little vibrational
ternal conversion rate from the initially excited levels of theenergy. TheB— A state is therefore more favorable based on
B(%A”) state to highly excited levels of thé(?A”) state to  the higher density of vibrational levels in thfe state com-
increase with excess energy in tBestate®® However, it is  pared to theC state. In addition, since internal conversion
unlikely that this effect alone could produce the abrupt in-rates generally increase with vibrational excitation in the ini-
crease in the internal conversion rate implied by the experitial state!® it seems a transition to thé state is more likely
ments. The abrupt drop in fluorescence quantum yield i$0 result in subsequent rapid internal conversion to Xhe
similar to benzene, where the fluorescence quantum yield dftate than a transition to tf@ state. Thus the overall internal
the S, (!B,,) state drops considerably at excess energiesonversion scheme most consistent with the experimental re-
above 3000 cm®.®® The mechanism of the nonradiative pro- sults andab initio calculations is a two-step mechanism,
cess responsible for this effect, known as “channel three,” |§3(2A")—>A(2A )—>X(2A”) with the first step being rate-
still under discussion, but there appears to be a consensiigiiting below 1400 cm® excess energy.
that it is due to a combination of intramolecular vibrational
redistribution(IVR) to dark levels of the5,; state followed by
S,— S, internal conversion, with the onset of fast IVR coin- VI CONCLUSIONS
ciding with the drop in fluorescence quantum yiéld’2 The spectroscopy and dissociation dynamics of the vi-
While such a mechanism might explain the fluorescence cutoxy radical presented in this paper have been obtained un-
off in vinoxy, it does not explain the enhanced dissociationder well-defined experimental conditions. Internally cold
rate, because there is no reason to believe that the relaxeddicals are laser excited to exact total energies and the na-
levels of theB state populated by IVR should be so much scent photofragments are probed as a function of photon en-
more strongly coupled to th& state than the originally ergy, product channel, translational energy, and angular dis-
populated state. tribution. In concert with ab initio electronic structure

An alternative explanation for the abrupt fluorescencecalculations presented in this paper, we have explored the
cutoff and increased dissociation rate is the possibility of ecritical configurations on the potential energy surfaces, and
curve crossing between th® state and another low-lying presented a simple dissociation mechanism which is consis-
state at an excess energy in the range of 140010mh§ tent with all the experimental and theoretical results. After
calculations by YamagucHfipredict that the energy of the initial excitation via theB(?A”)«— X(?A") transition, all ob-
state rises by about 2.2 eV if the vinoxy radical is twisted byserved vibrational levels of C/£HO predissociate. We as-
90° about the C—C bond due to the double-bonded charactsign transitions in the photofragment yield spectrum to eight
of the C—C bond in thé\ state, whereas the energies of thevibrational progressions, two involving nontotally symmetric
B and A states are relatively insensitive to torsional distor-vibrational modes. At lower photon energies, the rate of non-
tion. The net result is that thB andA states become nearly radiative decay is mode specific, depending_strongly on the
degenerate at a dihedral angle of 90°, suggesting that a losymmetry of the vibrational mode excited in tBestate. The
energy crossing may occur. This calculation also predictphotofragment energy and angular distributions indicate that
that theC(?A’) state, which lies 1.1 eV above tiBestate in  dissociation occurs by internal conversions to the ground
the planar geometry, drops in energy as the radical as twistestate potential energy surface upon which dissociation pro-
and becomes nearly degenerate with Bhetate. Thus low ceeds to HCH,CO and CH+CO with a branching ratio of
energy curve crossings with either theor C states appear roughly 4:1. The dramatic increase in the dissociation rate
to be feasible. o above 1400 cm® suggests a curve crossing of tBestate

The possible role of thé or C states is indirectly sup- with the A or C states, followed by rapid internal conversion
ported by the mode-specific effects seen below 1400'cm to the ground potential energy surface.
where fluorescence and dissociation compete. As pointed out For the CH+CO channel, we show that the translational
in Sec. IV A, excitation ofa” vibrational modes in thé8 energy distribution of the fragments is determined by the
state enhances the dissociation yield compared to nearby leGH,CHO—CH;CO isomerization barrier on the ground state
els in which onlya’ modes are excited. This observation is potential energy surface. For this system, in which both the
consistent with a radiationless transition through vibronicexit barrier height and the excess energy at the transition
coupling between thB(ZA”)~ state and an electronic state of state are substantial. We have therefore developed the statis-
A’ symmetry®® 73 with the A(?A’) or C(?A’) states as the tical adiabatic impulsive mod&?, which successfully pre-
most likely candidates. dicts the observedP(E;) distributions with no adjustable

The above arguments support the idea that nonradiativearameters. Our results for this channel are discussed in light
relaxation_process above 1400j:’m'ngo|ves coupling be- of previous investigations of unimolecular decomposition of
tween theB state and either th& or C states, rather than the acetyl radical.
direct coupling with theX state. However, dissociation does The hydrogen atom loss channel is probed by the time-
appear to occur on the ground state surface, so energy floaf-flight distributions arising from CBCDO photodissocia-
from theA or C state to theX state must quite rapid for this tion. Although our information on this product channel is
mechanism to be valid. ThB— A radiationless transition more limited, we find the simplest explanation consistent
will result in highly excited species with substantial energywith our results is direct dissociation from vinoxy over a
in the torsional vibration, whereas the transition to the small barrier. This barrier is formed by an avoided crossing
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between the CIZ-CHOX(ZA”) state, which correlates for pla-
nar geometries with #CH,CO a(®A”), and the CHCHO
A(?A") state, which correlates with HCH,CO X(*A,).
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