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ciation of G at 258 nm was used to calibrate the detector,
which showed a resolution ®E/E' 11% at 0.70 eV trans-
lational energy E;) and 7 keV beam energy.

Owing to the small mass of the H or D product and
consequently the large CM velocities, the angular acceptance %
of the detector is small. Monte Carlo simulations of the ap-
paratus and dissociation dynamics were used to estimate the e
acceptance function of the detector. To approximate the ac- W
tual translational energy distributiof}(E+), from the ex-
perimental distributionN(E+), a large number of trajecto-
ries 53 10° for HCO,! were run where each dissociation
event had an equd(Et yc) and an isotropic angular dis-
tribution from 0 to 2 eV. Those events where one particle 0.0bisny e
landed outside of the detector region were discarded. The - ]
resultantN(E+ c) distribution was divided into the experi- L b
mentalN(E+) distribution to yield an approximate(Ey).?° d ]
This correction signi®cantly reduced the intensity of events - P
below approximately 0.1 eV, and had little effect above 0.2 0.0 05 1.0 1.5
eV. Given the energetics and dynamics of the dissociations, Translational Energy Release (E; / eV)
the anQUIar _ac_ceptance of the detector is approximately S%—HG. 2. Photoelectron-photofragment correlation specti(i, ,eKE), for
of all dissociation events for HCLand 15% for DCQ. the reaction DC®1 hn! D1 CO,1 e? at 258 nm. The rightmost diagonal

Figure 1 shows thé(E+) distributions for dissociation line corresponds to the maximum translational energy rele#ds,,{)
of HCO, and DCQ after photodetachment. All the data where the D and CQproducts are in their ground internal and electronic
shown are fo the pathwiay formingIFCO; as no evidence  FE15E &6 e 5 e 1 e e epesaorL? i e €0 procil,
of stable products or dissociation into QKO was found in ¢4/ jines highlight the predissociation sequence bands as discussed
the data. The dominant feature in both spectra is the progres: the text.
sion that becomes resolved below approximately 0.6 eV in
both HCQ, and DCQ. Figure 2 shows the photoelectron-
photofragment correlation  spectrum for D@Dhn sions were observel§.No attempt was made in the correla-
| D1 CO,1 €?. The two-dimensional image shows a histo- tion spectrum to correct for the acceptance function of the
gram of the correlation betwedfy and eKE for each event. detector, but comparison of tHé(E;) spectrum to that in
TheN(E1) andN(eKE) spectra are generated by integratingFig. 1 shows that this does not have a signi®cant effect for
over the conjugate variable in the spectrum. The photoeled®CO,. The correlation spectrum shows vertical bands,
tron spectrum is similar to that acquired by Neumark andspaced by the same amount as the peaks in the [R{8y)
co-workers, although the apparatus used in those expergpectrum in Fig. 1.
ments had better energy resolution, and resolved progres- In the photoelectron spectrum of @OBowen and co-

workers observed a progression spaced by approximately 60

meV that they concluded to be most consistent with high

' excitation of the CQ bending modé>?? In this case, the

L H+CO, _ spectrum was dominated by the large geometry change going
from the bent anion 134E) to the linear neutra**>The
OCO bond angle in HC®is approximately 1308,2?"thus
excitation of the CQbending mode would be expected fol-
lowing dissociation of the C+H bond. The average peak
spacing in the?(E;) spectra is 64 meV¥520 cnf !l in HCO,
and 71 meV-570 cnf !t in DCO,. These values are in be-
tween the 667.4 chAt literature value for the gas phase £O
bend?® and the 485 cf' spacing seen by Bowen and co-
workers, implying a lower level of bending excitation than
produced in the photodetachment of £Crhe peak spacing
L i is also similar to that assigned by Neumaitkal. to the CQ
bending mode ¢ 3) in HCO, 613 cnf ! for A, 550 cnf?!
N . for 2B,! and DCQ ~620 cnf * for 2A;, 530 cnt ! for 2B,!.1®
. . . , Even though C® and HCG have similar OCO bond
0.0 0.2 0.4 0.6 0.8 1.0 angles, lower bending excitation in the dissociation of HCO
is consistent with some of the geometrical strain in the na-
scent neutral being released as translational energy. As dis-

FIG. 1. The translational energy release distributl(Ey), for the reaction ~ cUssed below, however, the structure in BEy) distribu-
HCOZ/DCC51 hn! H/D1 CO,1 € at 258 nm. tion must result not from individual C{bending states, but
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from a sequence band, arising from predissociation of differ- A
ent neutral states to different product states with the same
translational energy release.

Neumark and co-workers estimated the bond dissocia-
tion energyDD,, for H+CO, to be2 0.58 0.13 eV, show-
ing that HCQ is energetically unstable relative talHCO,.
Calculations at the QCISD/6-311 G** |IMP2/6-311 hv
11 G** level, using theGAUSSIAN 94 suite of program$® wy=T1 AN
show that the zero point energy of DG@ reduced by 0.04 03=0 \ i =

OH + CO

eV relative to HCQ. Assuming that cold anions are pro-
duced, subtracting the zero-point-correctBd, and the HCO,
electron af®nityEA! of DCO, 3.510 e\*® from the photon
energy~4.80 eV yields a maximum translational energy of Anion

KEmax5 hn2 EA2 DDy5 1.83eV whenD and CQ are FIG. 3. Schematic botential tace illustrating th dissociati
: : : : . 3. Schematic potential energy surface illustrating the predissociation
produced in their ground electronic and internal Statesdynamics of HCQ. Excitation tov 35 0 of the HCQ radical followed by

KEwax is marked as the rightmost diagonal line in Fig. 2. gissociation to H CO, (n5 2) has characteristic electron and particle trans-

Data belowKEyax imply rovibrational or electronic excita- lational energies shown by the solid arrows. However, due to the near de-

tion in the products_ The\l(ET,eKE) Spectrum reveals a 9eneracy between the HG@nd CQ vibrational spacings, excitation to

series of vertical bands that correlate with the resolved feaY:® 1 of the HCQ radical followed by dissociation to HCO, (15 3),
. . . shown by the dashed arrows, has the s&me but lower eKE, resulting in

tures observed in thE(ET) spectrum. This structure differs the vibrational predissociation sequence bands seen in Fig. 2.

from that observed in previous examples of DPD dynamics.

In the &G ~Ref. 30 and G -Ref. 31 systems, diagonal

ridges were seen corresponding to direct DPD on a series figher levels of CQ product excitation to maintain the ver-
vibrationally adiabatic curves correlating to ground elec-tical structure. Data at higher electron energy resolution
tronic state an different vibrational levels. In the DPD of would y|e|d a Vertica”y Spaced series of peaksi instead of
the excited electronic states of ORef. 32, theN(Er,eKE)  pands, where both the initial product state and ®nal product
spectrum revealed a series of horizontal bands correspondirgate could be uniquely identi®ed.
to the product internal energy distribution for predissociation  The structure in th&l(E+,eKE) spectrum is observed in
of speci®c states of the;@eutral. both the?A; and?B, states, but is not seen for excitation to
The structured photoelectron spectrum observed byhe?A, state. A possible explanation arises from examination
Neumark and co-workers shows that DPD of DC@IS0  of the potential energy surfaces of the three participating
occurs by predissociation. The simplest explanation for thelectronic states. Theoretical studies have predicted a conical
structure in theN(Ey,eKE) spectrum is that each of the intersection between tHa, and the?A, electronic states of
vertical bands represents a series of produc} @@rational  HCO, at OCO angles between 125E and 1%¥5t:33*3pho-
states produced from a series of nascent bend-excited statggietachment from the anion, where the OCO angle is near
in HCO,, with a ®xed change in bending quantum numbern 30E:526-27accesses the region of the potential surface near
between the predissociative state and the, @@duct for  the intersection between ti®, and the?A; states. Since
each vertical band. In other words, we assign these featuremly the2A, state correlates directly to ground staté €0,
to predissociation sequence bands. Schematic potential eand excitation to théB, state results in the same product
ergy surfaces which would lead to the observation of theseibrational distribution, it is likely that théB, state is ac-
bands are drawn in Fig. 3. For this structure to be observableessing the conical intersection and dissociates through the
the repulsion between HCO, upon reaching the dissocia- 2A; state. The vibrational distribution of the products is thus
tive state must be the same for each of the,@®nding only dependent on the exit channel from th, state, and
states produced in a given band. This will occur for a ®xedot on the initial state excited.
change in bending quantum number if the neutral and prod- The A, state is also dissociative, but does not produce
uct state vibrational spacings are nearly degenerate and thiee distinct vertical structure seen for thg, and?A, states.
dissociation dynamics are vibrationally adiabatic and lead t&Closer examination of this region of the correlation spectrum
low rotational excitation. The distribution along ths di- reveals a broatll(E+) distribution with only barely resolved
rection shows that each of the bending states excited imibrational peaks. Felleet al2® and Peyerimhofét al >3 pro-
DCO, can predissociate to a distribution of ¢@roduct posed that théA, state intersects the\, state higher on the
bending states. A qualitative assignment of the features neaepulsive curvesmaller OCO anglethan the?B, state. In
the marked EA (eKk 1.29 eV) based on the energetic dif- this case, the crossing between these two curves provides a
ference fromKEyax shows correlation t@5 2, 3, 4, and 5 radiationless route to ground statel BO, and should in-
of the CQ product for the four clearly resolved bands. Ac- crease the averadge; of the products as can be seen upon
cording to the assignment of the spectra by Neumark andareful inspection of the correlation spectrum. The increased
co-workers, the signal in the photoelectron spectrum at thignergy may also partition into combination bands or rotation
energy arises primarily from excitation 10,5 0 in the?A;  due to the greater molecular distortion at the point of curve
electronic state of DCO'® Excitation of higher vibrational ~crossing, which would broaden the spectra and reduce the
levels of the DCQ intermediatedtower eKE must yield apparent correlation, as seen in the data. In fact, Neumark

H + CO, (v=3)
: H + CO, (v=2)
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