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The photoelectron spectrum of vinoxide;HzO™, at 355 nm is reported, showing photodetachment to both

the X@A'") ground and first excited AQ") states of the vinoxy radical. Both direct interpretations and Franck
Condon simulations of the photoelectron spectrum of this simple enolate anion have been used to obtain
insights into the energetics and structures of the anion and the ground and first excited state of the neutral
radical. Franck-Condon simulations were generated from ab initio geometry and frequency calculations using
the CASSCF method and showed good agreement with the vibrational structure visible in the experimental
spectrum. The electron affinity (E.Ap, = 1.795+ 0.015 eV; E.Acac = 1.82 eV) and separation energy of

the ground and first excited stat€f o= 1.015+ 0.015 eV;Tp cac= 0.92 eV) obtained from the ab initio
calculations are in good accord with the experimental values.

1. Introduction In contrast, the first excited-state ') of vinoxy has not
been well-characterized previously. Hunziletral. assigned a
broad-band IR absorption to the %) state and estimated the
A—X electronic energy difference to el eV1® Multicon-
figuration Hartree-Fock calculations by Dupuis, Wendoloski,
and Lester predicted that the A state wouldAi8.5 eV above
the ground stat&’ More recently, Yamaguchi carried out a
CASSCEF study on the X, A, B, and C states of vinoxy to gain
insights into the fast nonradiative decay of theé/B() state'®
The calculated AX electronic energy difference from
Yamaguchi's study was 0.93 €¥.

One of the advantages of negative-ion photodetachment is
the ability to access transitions to excited states of the radical
that are optically forbidden from the ground-state radical. The
transition from the ground XA") state of the vinoxy radical
to the first excited A{A’) state is dipole-forbidden. This study
reports photodetachment of vinoxide at 355 nm, providing
structural and energetic information on both the ground and first
excited states of the vinoxy radical. These experimental results

re complemented by ab initio calculations on the anion and
he radical. The transitions to the grounc?X() state and first
excited ABA") state of the radical from the ground () state
of the anion are both allowed and observed in photodetachment.

Enolate anions are intermediates in many organic reactions
that involve carborcarbon or carboroxygen bond formation.
They also play a key role in the development of stereoselective
and stereocontrolled syntheses of complex compotEtelate
radicals are important intermediates in combustion and photo-
chemical smog cycleklin particular, the vinoxy radical, £130°,
is a major product of the reaction of odd oxygen and ethyfene.
There is considerable interest in developing an understanding
of the structures and energetics of these species.

The electron affinity of the vinoxy radical has been previously
measured in both threshold photodetachrhantl photoelectron
spectroscopy experimeritsThe photoelectron spectroscopy
studies of vinoxide, gH3;0~, reported to date have been carried
out at lower photon energies, accessing only the grousd’}(
state of the vinoxy radical. Laser photodetachment of ground-
state vinoxide anion XA') to the X@A") state of the radical
have established an electron affinity (E.A.) of 1.8£70.023
eV ® Photodetachment and autodetachment studies have bee
used to characterize the structure of the ground and dipole-boun
excited states of vinoxide (also called acetaldehyde endtate).
The ground- and dipole-bound excited-state anion geometries

have also been computed using ab initio mettfbds. The vibrational structure in the excited state is clearly resolved

h Thbe optlcaI(ij a:jlk_)wed B; X trg}ns(ljtlon_lofl_the V'T‘O(;W ra(;jlfTaI and is also visible, though not as clearly resolved, in the ground
as been studied in considerable detall. Laser-induced fluores—io “rranckCondon factors (FCFs) for the vibronic transitions
cence, infrared absorption, and photofragmentation studies hav:

b d dv the vibrational fth aa Svere calculated following the approach of Sharp and Roser8tock

egn use ;O Stu. y(; c V' rationa S]ctrL}:I]CtUI’.e ofthe g-rogp ;ﬁ( and later generalized for polyatomic molecules by Warshel and
and second excited B{") states of the vinoxy radicar Karplus?! More recently, Chen and co-workétsleveloped the
The structure of the ground ¥4'") state of the vinoxy radical

. i . . pecific method applied in this study for using ab initio structure
has also bgen characterized experimentally using pure rotational, | 4 frequency results to calculate FCFs. The correspondence
spectra1.5 Dispersed f_Iuore;scence spectra have yielded frequen-of the Franck-Condon simulations with the experimental
cies of t_he norm_al V|brat|(_)nal modes for the B and X stdtes. photoelectron spectrum provides a benchmark for studies of the
Theoretical studies have included calculations of the structure larger enolates and enolate radicals
and normal vibrational modes of both the B and X states using '
ab initio method$:°16-18 The B—X electronic transition has

. - ) 2. Experimental Section
been modeled using multidimensional Fran€kondon factors P

obtained from the ab initio structures and force constéts. The operation of the fast-ion-beam photoelectron spectrometer
used in these experiments has been previously described in
* Corresponding author. E-mail: rcontinetti@ucsd.edu. detail2® Room-temperature reagent-grade ethanol seeded in a
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10% mixture of NO in Ar produced vinoxide in a pulsed T : !
discharge ion sourc®.The mass-selected beam of vinoxide, L L
m/e = 43, at an energy of 3 keV was crossed with the linearly - P 1
polarized third harmonic (354.8 nm, 3.494 eV) of a Nd:YAG . Tl
laser. The laboratory energy and recoil angle for each photo-
electron is calculated from the time of flight and position of
arrival recorded by the photoelectron detector. The electron
kinetic energy in the center of the mass frame (eKE) is
subsequently determined from this information, including cor-
rection of the electron velocity for the Doppler shift induced
by the fast ion beam. The spectrometer was calibrated using “ .
photodetachment of O— O(P) + e~ and NO" — NO(II) + 00 04 08 1.2 16 20

e~ at 355 nm. The photodetachment of @ives a peak at 2.032 e Kinetic Energy(eV)

eV that is reproduced with a maximum error #0.015 eV. Figure 1. Experimental and simulated photoelectron spectra of
The photodetachment of NOgives a vibrationally resolved vinoxide at 355 nm. Peak labels indicate transitions in the simulated
photoelectron spectrum with peaks belonging to the N&@' spectrum corresponding to features in the experimental spectrum and

_ 0 ; ; ; are specified in Tables 5 and 6. As noted in the text, the vibrational
0) o NO ¢/ = 05 progression which are reproduced with frequencies are scaled prior to simulating the spectra. The peaks marked

i 5 are s ! : .
a maximum error 0£:0.015 eV? by the asterisks in the simulation of the?A() excited state were not
observed experimentally.

Counts (Arbitrary)

3. Ab Initio Calculations of the overlap integral between the vibrational wave functfdns.

The energetics, §tructures, hgrmonlc frequenmes, and force I(myn) = [IWM(QM)WE(QN) dQM]Z
constants for vinoxide and the vinoxy radicals were calculated
to aid in the interpretation of the experimental photoelectron Here,mandn represent the number of quanta in the electronic
spectrum. High-level ab initio computations are presumed to statesM andN and theQ's represent the nuclear displacement
be essential because of involvement of the anion and the open-coordinates from the equilibrium geometry. The Franck
shell low-lying excited state. The structures of vinoxide and Condon factors (FCFs) were evaluated using the generating
the ground- and excited-state vinoxy radical were optimized at function method for a multidimensional harmonic oscillator,
the CASSCF level. To justify the necessity for using such a neglecting anharmonic effectsThe parallel mode approxima-
high level of theory, a UMP2 calculation was performed on tion, in which it is assumed that the ground-state anion and the
the ground state of the radical to examine the effects of spin neutral share normal coordinates, is often inappropriate for
contamination. The desiré@&for a doublet state is 0.75, and  polyatomic molecules. Mode mixing induced by changes in
the [FOobtained at the UMP2 level was 0.873. A single- geometry and the form of the normal modes between the ground-
reference wave function is therefore inappropriate for computing state anion and the neutral species, called the Duchinsky &ffect,
the vinoxy radical structure. In addition, calculating the first must be taken into account. The Duchinsky effect is handled
excited-state structure requires the inclusion of configuration by a conversion of the coordinates of the anion into the
interaction with multiple excitations. To maintain consistency, coordinates of the neutral radical as given in the following
the vinoxide and vinoxy radicals were all calculated at the equation:
CASSCEF level of theory using the DALTON program pack-

age?® Q' =JQ+K

The four orbitals which were chosen for the active space were, The matrixJ and the vectoK define the transformation and
in order of increasing energy, the bonding C@@") orbital, the matricesQ andQ' represent the normal coordinates of the
the oxygerv (&) orbital, and the nonbonding and antibonding anion and the ground-state neutral species, respectively.
CCO x(a") orbitals. In accordance with previous studi€s, The algorithm used to implement the generating function
symmetry was imposed on the geometries of the anion andmethod for calculating FranekCondon factors including the
radicals 3161727The Pople valence tripl&-basis s&f including Duchinsky effect was developed by Chen and co-workérs.

diffuse and polarization functions (6-3+#G**) was used in Chen’s FCF code generates simulated photoelectron spectra
DALTON to perform the geometry optimizations and vibrational using the Cartesian coordinates, normal vibrational modes,
analysis. The diffuse functions are required to correctly compute frequencies, and reduced masses from Gaussian 94 geometry
the absolute energy of the ani#tlhe frequencies of the normal ~ optimizations and frequency calculations. The substitution of
vibrational modes were scaled by a factor of 0.91 before use in DALTON output for Gaussian 94 is straightforward. The details
the Franck-Condon factor calculations. This scaling factor has ©f the calculation can be found in ref 22. Transforming the
been determined to be appropriate for calculations using Pople’scalculated transition energy into the electron kinetic energy
triple-C basis sets on molecules with up to three heavy afdms. Yielded stick spectra that were convoluted with a Gaussian
Gaussian 9% was used to include dynamic correlation in the function in which the full-width half-maximum was varied to
absolute energies because the DALTON program does not haveSimulate the resolutionAEwnm/E ~ 4%) in the experimental
the capability to perform single-point CASSCF-M®22alcula- _photoelectron_ spectrum. Because no ho_t bands were observed
tions on the CASSCF optimized geometries. in the experimental spectrum, the anion temperature was
assumed to be 0 K.

4. Franck—Condon Factor Calculations 5. Results and Discussion

The intensity of a transition between vibrational modes of  The photoelectron spectrum of vinoxide at 355 nm is shown
two different electronic states can be expressed as the squarén Figure 1. First, the electron affinity and separation energy
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TABLE 1: Calculated Structures of Vinoxide and the are in orden;—v; as designated by Brock and Rohlffngith
Vinoxy Radicals® the exception of modeg andvs. The interchange is supported
X(*A") X(?A") A(A") by the experimental data in this study and the correspondence
theor. exp. theor. exp. theor. of the Cartesian displaceme_nts palculatedﬁﬂwith the CC
G, 1384 1328 1439 1398 1334 stretch and those calculated in thl? studyifowith the Cl_Hle
C,—O 1246 1338 1217 1268 1341 rock. Because the modes for the!X() state of the anion are
Ci—H; 1.080 1.074 1.074 similar to those for the XQ") state of the radical, they have
Ci—H: 1.078 1.074 1.072 been arranged correspondingly. The same numbering scheme
Co—Hs 1.109 1.090 1.077 is not applicable to the ZA") state because the Cartesian
0C.C0 130.4 1294 1229 1222 1246 displacements of the vibrational modes differ from those of the
OCGCoHs  113.3 175 124.2 X(2A") state. The ‘a(in-plane) vibrational mode t for th
OH,C,C, 1215 119.6 122.0 - P ypes for the
OH,C1Cy 119.8 120.8 119.4 A(A") state have been identified and labeled in Table 2. The

a Calculated using the CASSCF method and the 643tG** basis C;C itret?,h and CO Srt]retch frequenCIeﬁ_arr]e_ nearly _reversequ:rom
set; atom labels are in Figure 2, bond lengths given in angstroms, andt e X . ) state to t e_A?(A) state, which Is consistent wit
angles in degree$.Reference 6, witht0.019 A and+0.025 uncer- the predicted changes in the CC and CO bond lengths from the
tainties.c Reference 15. formyloxy to the vinyloxy configuration of the radical.

The absolute energies in Table 3 were obtained from
CASSCEF calculations of vinoxide and vinoxy radicals at their
optimized geometries and corrected by adding the zero-point
energies. The relative anion and ground-state radical energy
corresponds to the adiabatic electron affinity and is in good
agreementAE < 0.1 eV) with the experimental value after
the CASSCF-MP2 correction (Table 4), as is the separation
energy between the ground and excited states of the radical,

betweeny’ = 0 of the ground and excited states of the neutral
species were determined directly from the experimental pho-
toelectron spectrum. Vinoxide undergoes photodetachment to
both the ground and first excited states of the neutral radical.
When vinoxide is photodetached to the groundAX{) state of
the vinoxy radical, an electron is ejected from the HOMO (the
CCO nonbondingrz(a") orbital), leaving the orbital singly
occupied. This configuration is commonly called the formyloxy
radical (CH,—CH=0). During photodetachment to the first % ) ) )
excited state of the vinoxy radical, an electron is ejected from  The simulated spectrum is plotted above the experimental
the oxygenaapu(d) orbital, leaving it singly occupied. The ~ SPectrum in Figure 1. Only six of the vibrational modes
resulting configuration is commonly called the vinyloxy radical corresponding to the in-plane vibrations were included in the
(CH;=CH—0). The values for E.A. (1.795 0.015 eV) and FCF calculations. The three out-of-plane bending modes are
To (1.015 + 0.015 eV) from this experiment are in good NOt expected to contribute to the spectrum by symmetry.
agreement with values obtained experimentally by Linebérger Vibronic interactions in the X@") state that may make these
(E.A. = 1.817+ 0.023 eV) and Hunziké? (To ~ 1 eV). modes active have been neglected. Features due to306@0-
Examination of the results of the ab initio calculations can ¢m ' vibrational modes would appear at low eKE in the
aid in the interpretation of the photoelectron spectra. The bond €xperimental spectrum, but there is little evidence for participa-
lengths and angles obtained from the DALTON optimizations tion of these modes in the spectra and they have been neglected
using the CASSCF method and the 6-3HG** basis set for because of computational time constraints. The major features
vinoxide and the neutral radicals are listed in Table 1. Previous in the simulated spectrum can be assigned to specific vibrational
experimental values are included for ground-state vinoxide and transitions, as shown in Tables 5 and 6. In the transition from
vinoxy %1% The major changes between the anion and the two the ground-state anion to the ground state of the neutral radical,
neutral geometries are centered on the CC and CO bonds andhe two normal vibrational modes of the radical that produce
the CCO bond angle. Table 2 compares the scaled results fromhigh-intensity Franck Condon overlap are the CC stretching
the normal mode calculations with experimentally determined mode and the CCO bending mode, shown in Figure 2. These
frequencies:®” The normal modes near 3000 chwith & have been designated as theand vy modes respectively in
symmetry correspond to the CH stretches in the molecule. The previous studied?16The spacing between peaks A and C yields
succeeding six modes with symmetry correspond to the other a value of 110Gt 120 cn1 for v7, which provides support for
in-plane vibrations. The three modes witth symmetry cor- interchanging the mode numbers of the CC stretch and the
respond to out-of-plane bends. The modes for tHRAX) state CiHiH, rock from that adopted by Brock and RohlfiAg.

TABLE 2: Scaled Frequencies of Normal Vibrational Modes (in cnt?) for Vinoxide and the Vinoxy Radicals?

X(*A) X(*A") A(PA)
vibration theor. exp. theor. exp. vibration theor. exp.
v1, CH asym. str.,’a 3013 3110 v1, CH asym. str.,'a 3095
v, CH sym. str., a 2852 3004 v,, CH stretch, a 3025
vs, CH stretch, a 2660 2890 v3, CH sym. str., a 3005
v4, CO stretch, a 1568 1525 1543 va, CC stretch, a 1590 1580
vs, CHH scissors,'a 1425 1441 1486 vs, CHH scissors,'a 1403 1350
vs, OCH bend, a 1340 1373 1366 s, OCH bend, a 1258
v7, CC stretch, a 1179 1101 957 v7, CO stretch, a 1083
vg, CHH rock, & 976 934 1143 vg, CHH rock, & 929
vg, CCO bend, a 519 526 489 500 v, CCO bend, a 441 460
v10, OCH wag, d 966 892 708 a' 847
v11, CHH wag, & 420 378 599 557 a’' 627
V1o, torsion, & 643 406 404 a' 180

a Calculated using the CASSCF method and the 643£G** basis set; aand & indicate theCs symmetry of the vibrational mode%Reference
7. ¢ Reference 69 Reference 3¢ This work, with+120 cnt?! uncertainties.
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TABLE 3: Absolute CASSCF and CASSCF-MP2 Energies
(in hartrees)?

species CASSCF CASSCF-MP2
X(*A") —152.328 323 8 —152.841 895 8
X(?A™) —152.323 0470 —152.774 8930
A(%A") —152.291 209 6 —152.741 016 3

aWith 6 or 5 electrons, respectively, in 4 orbitals and the 643t G**
basis set. Corrected by zero point energies.

TABLE 4: Relative CASSCF and CASSCF-MP2 Energies
(in eVv)2

CASSCF CASSCF-MP2
E.A. 0.14 1.82
To 0.87 0.92

aWith 6 or 5 electrons, respectively, in 4 orbitals and the 643tG**
basis set.

TABLE 5: Position along Energy Axis (eKE) (in eV) and
Quanta of Vibrational Modes of Transitions to Ground-State
Vinoxy Radical in Simulated Photoelectron Spectrum
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Figure 2. Calculated vibrational modes of the ground and first excited
state of vinoxy labeled as follows: (a) CCO bending mode of ground
and excited states, (b) CC stretching mode of ground state, (g) CH

scissoring mode of excited state, and (d) CC stretching mode of excited

X(A") state.

X(*A", 489 cntt: 1101 cnrk:

allmodes CCObend CC stretch eKE peak label labeled as F in the simulated spectrum and those labeled as G,
S =0 V=0 v =0 1.699 A H, and | correspond to' = 1 in the CCO bend, the CHcissors,
V' =0 v =1 J =0 1.638 B and the CC stretch. These experimental valyes 460+ 120
v"'=0 V=2 V=0 1578 c cm L, vs = 1350+ 120 cn?, andv, = 1580+ 120 cntt are
v"'=0 V=0 v=1 1.562 C shown in Table 2 and constitute the first reported measurements
U = 0 ”: - 1 U: - 1 1.502 D of these frequencies. They agree well with the scaled frequencies
o ;8 y ;g y ;% 1:1‘2% E calculated in this study, also reported in Table 2.

The vibrational mode that consists predominantly of CO
stretching produces some FrargRondon overlap in the
simulated excited-state spectrum, which seems logical because
Quanta of Vibrational Modes of Transitions to Excited-State the calculated CO bond length changes by 0.1 A from tH&X(
Vinoxy Radical in Simulated Photoelectron Spectrum state of vinoxide to the ZA') state of the radical. However,

ACA) the AGA') — X(*A') transition region in the experimental
spectrum does not show the excitation of the CO stretching and

aFrequencies have been scaled.

TABLE 6: Position along Energy Axis (eKE) (in eV) and

X(*A")  441lcnmti 1403 cnth 1590 cnTk: peak . . . . .
allmodes CCObend CH;scissors CCstretch eKE label CiHiHz rocking modes that appears in the simulation. The major
- - - ’ features resulting from these excitations are marked with
v fg v fg i fg v fg 8-223 (':3 asterisks in the simulation in Figure 1. Overall, the simulation
—0 -0 —1 "—0 o810 H shows greater vibrational excitation in the?A() state than that
" =0 V=0 V=0 v =1 0487 | observed experimentally. The lack of a progression in the CO
V"'=0 V=1 V=0 V=1 0432 J stretching mode may be explained by significant off-diagonal
v"=0 v'=0 V=1 V=1 0313 K overlap between the CHscissoring mode) and the CO
v"'=0 v'=0 v'=0 V=2 0.290 L

stretching modewg) present in the Duchinsky rotation. As noted
above,vs does include some CO stretching motion. The general
overestimation of the vibrational excitation presumably arises
Similarly, spacing in the experimental spectrum between the because of the difficulty in correctly modeling excited states
peaks labeled A and B in the simulated spectrum yielded a valueusing ab initio methods. Use of a correlation-consistent basis
of 4604 120 cnv?! for vo. Both quantities are consistent with  set or a multireference configuration interaction calculation
peak spacings measured by Lineberger and co-workers, whowould be expected to give more precise force constants and
found the A-B peak spacing to be 450 crhand the B-C geometries for the excited state; however, this was beyond the
peak spacing to be 550 crh® Because the major geometrical scope of the present study.
changes from vinoxide to ground-state vinoxy consist of a  The structures calculated here can be compared to previous
contraction of the CCO bond angle, an increase in the CC bondtheoretical and experimental studies. The structural information
length and a decrease in the CO bond length, it is reasonablecomputed for the ground-state vinoxy radical in the current study
that these modes would be active during the transition. is in agreement with previous computatichal® 18 efforts. The
Three vibrational modes of the excited-state radical produce recent computational results of Yamagud€for the first excited-
intense FCF overlap in the simulation. These are the CCO state vinoxy radical structure also agree with the structure
bending mode, the CHscissoring mode, and the CC stretching obtained in this study. However, previously obtained experi-
mode, each of which is illustrated in Figure 2. The CH mental geometries for vinoxide and ground-state vinoxy show
scissoring mode also includes some stretching of the CO bond.consistent disagreement with the ab initio structures (Table 1).
As in the transition to the ground-state radical, when the Lineberger and co-workers obtained a CO bond length of 1.334
geometrical changes from vinoxide to excited-state vinoxy are + 0.019 A for ground-state vinoxide from analysis of rotation-
considered, it is reasonable that these modes would be activeally resolved autodetachment speétia.the theoretical calcula-
The spacings between the peak in the experimental spectruntions reported here, the CO bond optimized to 1.246 A, which

aFrequencies have been scaled.
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is characteristic of a double bond. The calculated CC bond Drs. Peter Taylor and B. Joakim Persson for helpful discussions
length of 1.384 A is significantly longer than the experimental concerning ab initio methods.

bond length of 1.324 A for vinoxide. A comparison of the

experimental and theoretica_l values for th_e CO ar_1d_CC bond References and Notes

lengths of the ground-state vinoxy radical yields a similar trend.

The CASSCEF calculations underestimate the CO bond4£3 (1) Ager, D. J.; East, M. BAsymmetric Synthetic MethodologyRC
and overestimate the CC bond by #%. The calculated CCO ~ Press: Boca Raton, 1996; pp-9722.

bond angles for vinoxide and ground-state vinoxy deviate less 26q(%)3£¥van' R.; Chen, X.;; Wu, F.; Weiner, B. Rhem. Phys. Let1996
than 1% from the experimental values. Extrapolation of these )

trends to the AA’) excited state suggests that the actual cCO  (8) Brock L. R; Rohlfing, E. A.J. Chem. Phys1997 106 10048.
and CC bond lengths may be nearer 1.42 and 1.29 A, _, é%ga‘:kso”’ R.L.; Hiberty, P. C.; Brauman, J1.IChem. Phys1981,
r(_aspectively. _Thesg bond I_engths are more consistent with the ®) éllison, G.B.: Engelking, P. C.: Lineberger, W. &.Phys. Chem
vinyloxy configuration predicted for photodetachment from the 1955 86 4873,

oxygenoap(@) orbital. If this is correct, it may indicate that (6) Mead, R. D.; Lykke, K. R.; Lineberger, W. C.; Marks, J.; Brauman,
the consistency of the errors in the calculated bond lengths for J. 1. 3. Chem. Phys1984 81, 4883.

the structures of vinoxide and both of the vinoxy radicals leads  (7) Mullin, A. S.; Murray, K. K.; Schulz, C. P.; Szaflarski, D. M.;
to the reasonable FranelCondon simulations of the spectra. Lineberger, W. CJ. Chem. Phys1992 166, 207.

However, the absence of a progression in the CO stretch  (8) Wetmore, R. W.; Schaefer, H. F., IlI; Hiberty, P. C.; Brauman, J.
following photodetachment to the 2X') excited state suggests ! J- Am- Chem. S0d.98Q 102, 5470. _

that the calculated CO bond length of 1.341 A, which is similar _ (9) Osbom, D. L.; Choi, H.; Mordaunt, D. H.; Bise, R. T.; Neumark,
to the experimental CO bond length in the ground state of the D. M.; Rohlfing, C. M.J. Chem. Phys1997 106 3049.
anion, 1.334 A, is not unreasonable. Confirmation of th&\%(
excited-state structure will require higher level ab initio calcula-

(10) Inoue, G.; Akimoto, HJ. Chem. Phys1981, 74, 425.
(11) Kleinermanns, K.; Luntz, A. CJ. Phys. Chem1981, 85, 1966.

tions. (12) Jacox, M. EChem. Phys1982 69, 407.
(13) DiMauro, L. F.; Heaven, M.; Miller, T. AJ. Chem. Phys1984
. 81, 2339.
6. Conclusion (14) Barnhard, K. I.; He, M.; Weiner, B. R. Phys. Cheml996 100,
This study reports the 355 nm photoelectron spectrum of 2784,

vinoxide, showing photodetachment to both the ground and first ~ (15) Endo, ¥.; Saito, S.; Hirota, B. Chem. Phys1985 83, 2026.
excited state of the vinoxy radical. Ab initio calculations on _(16) Yamaguchi, M.; Momose, T.; Shida, J. Chem. Phys199Q 93,
vinoxide and the two lowest electronic states of vinoxy were 17) Dubuis. M.- Wendoloski. 3. 3. Lester W. A Jr.Chem. Ph
carried out to aid in the interpretation of the observed vibronic 1gé2 )76 apg i eNOIOSKL S Jy Lester, WL A SrEhem. TS
strutcture. Thg theoretical ?n_(lj_hexpenr.r;ental er:jerlgftlcs.tgf thlsf (18) Yamaguchi, MChem. Phys. Let1994 221, 531,
Sys e”.‘ are I.n. agreemen_ Co € positions and Intensi |.es 0 (19) Hunziker, H. E.; Kneppe, H.; Wendt, H. B. Photochem1981,
vibronic transitions from vinoxide to the ground- and excited- 17 377,
state vinoxy radical observed in the photoelectron spectrum of 50y sharp, T. E.; Rosenstock, H. M. Chem. Phys1964 41, 3453.
vinoxide are simulated using polyatomic F(;F calculat|on§. Good (21) Warshel, A.; Karplus, MChem. Phys. Lett.972 17, 7.
agreement was found between the eXpe”men_tal ar_]d S'mU|at_ed (22) Chen, P. InUnimolecular and Bimolecular Reaction Dynamics
photoelectron spectra reported here, despite discrepanciesig, C. Y., Baer, T., Powis, I., Eds.; Wiley & Sons: Chichester, 1994: pp
between the calculated structures and previous experimental371-425.
results. The comparison to the photoelectron spectra presented (23) Zengin, V.; Persson, B. J.; Strong, K. M.; Continetti, RIEChem.
here provides the first reported experimental characterization Phys 1996 105 9740.
of the lowest excited state of the vinoxy radical. (24) Osborn, D. L.; Leahy, D. J.; Cyr, D. R.; Neumark, D. 34Chem.

: : . Phys 1996 104, 5026.

In future work, the evolution of the vibronic structures of (25) Siegel, M. W.: Celotta, R. J.: Hall, J. L. Levine, J.: Bennett, R. A
the three- and four-carbon enolate radicals will be studied. ppyq Re. Aglé72'6 s07. T T U
Photodetachment stgdles hgve been performed on these species (26) Helgaker, T.; Jensen, H. J. Aa.: Jargensen, P.: Olsen, J.; Ruud, K.:
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