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Competitive C—H and O-D bond fission channels in the UV
photodissociation of the deuterated hydroxymethyl radical CH >,OD
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Photodissociation studies of the @BD radical in the region 28 000—41 000 ch(357—244 nmy

which includes excitation to thes3 3p,, and 3, states, are reported. H and D photofragments are
monitored by using resonance-enhanced multiphoton ionizafR&EMPI) from the onset of H
formation at~30500 cm* to the origin band region of theg3(?A”)« 1 ?A” transition at 41 050
cm L. Kinetic energy distribution®(E+) and recoil anisotropy parameters as a function of kinetic
energy,Bex(Er), are determined by the core sampling technique for the channels producing H and
D fragments. Two dissociation channels are identifigdg:D+ CH,O and (II) H+CHOD. The
contribution of channel Il increases monotonically as the excitation energy is increased. Based on
the calculations of Hoffmann and Yarkofiy. Chem. Physl16 8300(2002], it is concluded that
conical intersections betweers and the ground state determine the final branching ratio even when
initial excitation accesses thepgand 3, states. The differenB; values obtained for channels |

and Il (—0.7 and~0.0, respectivelyare attributed to the different extents of out-of-plane nuclear
motions in the specific couplings betwees and the ground statéof A’ and A” symmetry,
respectively that lead to each channel. The upper limit to the dissociation energy of the C—H bond,
determined fromP(E7), is Do(C—H)=23.4=0.1eV (792 kcal/mol). Combining this value with

the known heats of formation of H and GBID, the heat of formation of CHOD is estimated at
AHY(CHOD)= 24+ 2 kcal/mol. © 2004 American Institute of Physics.

[DOI: 10.1063/1.1665880

I. INTRODUCTION states have been found both along the C—H and O—H coor-
. o dinates. These intersections promote efficient nonadiabatic
The hydroxymethyl radical (C¥OH) and its isomer, the  ransitions and are important in understanding the dissocia-
methoxy radical (CHO), have long been recognized as im- tion mechanism.
portant intermediates in hydrocarbon combustion and in at- | this report, photodissociation studies of §3D in the
mospheric processes. They are significant products in thF‘egion 28000—41000 crt (357—244 nm are described.
reaction of O{D) with methane and etharié,and reactions Thjg region includes, in addition to the transition to the 3
of Cl atoms and OH radicals with methanol yield predomi-giate the origin bands of the transitions to thg, and 3,
nantly CH,OH.*>~> According toab initio calculations, the stated! H and D photofragments are monitored from the
lowest excited electronic states of gBH have a predomi-  5nset of H formatior(at ~30 500 up to 41000 cril. Com-
nant Rydbe7rg character—specifically, the 3p,, 3p,, and  pining the experimental findings with conical intersection
3p, states’ Of these four states, onlyp§ does not carry  cajculations and thermochemical data, we propose that the

oscillator strength. Electronic spectra of the hydroxymethyly,sst jikely channels responsible for H and D formation are
radical to these states have been measured by ultraviolet

(UV) absorptior?® resonance-enhanced multiphoton ioniza- () CH,OD—CH,0+D, AH=1.32+0.07 eV,
tion (REMPI),**~11 depletion, and photofragment yield

spectroscopies-*2 The transitions to the, and 3, states () CH,OD—-HCOD+H, AH=3.4+0.1 eV.
exhibit distinct vibrational structures, while the transition to
the 3s state is broad and structureless. Kinetic energy distributionsP(E1), and recoil anisot-

Recent photodissociation dynamics studies of the deuteropy parameters as a function of kinetic energy release,
ated hydroxymethyl radical C}¥DD have helped in charac- B«(E7), are reported for each channel at selected excitation
terizing the potential energy surfac@®ES$ participating in  energies. These data demonstrate fundamental differences in
the dissociation. B- CH,O was identified as a major channel the dissociation dynamics into these two channels and pro-
following 365—318 nm excitation to thes3state and~244  vide further insight into the dissociation mechanism. It is
nm excitation to the origin band of thep3 state’®*  concluded that the conical intersections betwesrasd the
Isomerization to the methoxy radical was not observed.  ground state determine the final branching ratio, even when

A theoretical study of the conical intersections involvedinitial excitation is to the B, or 3p, state. In other words,
in the dissociation has been recently reported by Hoffmarsequential conical intersections terminating in the ground
and Yorkony(HY).? In this calculation, conical intersections electronic state lead eventually to C—H and O-D bond fis-
connecting the B, and 3 states and the 3and ground sion channels.
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In addition, theP(E) measurements enable the first de-
termination of the C—H bond dissociation energy of JOb.
This, in turn, leads to an experimental estimation of the heat
of formation of CHOD, a value that can be compared with
theoretical calculations.

H REMPI signal (a.u.)
»
1

24
Il. EXPERIMENT 04 ————— .
28000 29000 30000 31000 32000
The experimental apparatus and procedures have been 1 )
described in detail elsewhete!? A mixture of 4% CHOD 121 w O
or CH;OH (Aldrich, used without further purificationand o.a: 'i‘ o{
~1% Cl, (Air gas, 99.5% in He at 2 atm total pressure is S o 3p,
prepared in a 4-liter glass bulb. A piezoelectrically driven 0.4 9o
pulsed nozzle operating at 10 Hz introduces this mixture to 1 9
the source region of a differentially pumped vacuum cham- 0.0+ Q . .
ber. A 355-nm laser pulse bea®pectra Physics, GCR-11; 8 25000 32000 36000 40000

_q
mJ, focused by a 30-cm-f.I. cylindrical lensrosses the edge Wavenumber (cm")

of a 1-mm-diam quartz tube attached in front of the nozzleric. 1. (a) H fragment REMPI signal angb) H/D ratio dependence on
orifice. The 355 nm radiation dissociates, Cland the ClI CH,OD excitation energy. Open circles are data points; solid lines are
atoms react rapidly with CHOD(CH,OH), creating 9uides to the eye.
CH,OD(CH,OH).
The radicals generated in the collisional part undergoIII RESULTS
cooling during the supersonic expansion. The ,OB(H) '
radicals pass through a 1.51-mm-diam skimr{&eam Dy- Photofragment yield spectra of D products from fCHD
namicg and reach the photodissociation region vibrationallyfollowing excitation to the 3, 3p,, and 3, states have
cold. A ~10 K rotational temperature is estimated from thebeen reported before at energies above the threshold of D
1+1' two-color REMPI spectrum obtained via thep3 formation at 26 000 cm'.!! The H product signal observed
state? The radicals are intersected by the UV pump laseiin our experiment, on the other hand, starts to appear only at
beam. The UV radiation is obtained from a seeded Nd:YAG30 540+1000 cm *—i.e., 4540 cm? higher than the onset
laser-pumped OPO&OPA(Continuum, PL8000/Sunlite/ of D production. The difference in thresholds suggests that
FX-1; 0.5 mJ, 40-cm-f.l. lenssystem. The H and D photo- the H and D channels are produced by different pathways. As
fragments are probed by+1l’ two-color REMPI via the shown in Fig. 1a), the H signal rises sharply above its
L—a transition at 121.6 nm. To generate 121.6 nm radiationthreshold. In Fig. (b), the H/D ratio is plotted versus exci-
the doubled output~365 nm,~2 mJ of a Nd:YAG pumped tation energy in the region 28 000—41 000 ¢m357—-244
dye laser systerfContinuum, PL8010/ND6000, LDS 755  nm), which encompasses absorption to tise 3p,, and 3,
focused into a mixture of Kr:Af120:490 Tory in a tripling  states. The ratio increases smoothly with excitation energy,
cell. A MgF, lens(75-mm-f.I. leng then refocuses the tripled exhibiting no sharp changes when the band origins of the
121.6 nm radiation into the chamber. The pump and probéransitions to the B, and 3, states are traversed. Consider-
laser beams are counterpropagating and cross the moleculag the broadness of thes?A’)«—12A” and the B, (?A’)
beam at a right angle. The time delay between the pump and-1?A” absorption spectrd,the scan step sizes used in ob-
probe laser beams is kept at 0—2 ns. taining the curves shown in Fig. 1 are sufficient. In order to
Time-of-flight (TOF) distributions of the photofragments better understand the dissociation mechanisms responsible
are recorded by the core-sampling technique combined witfor H and D production, detailed studies have been carried
REMPI detection of the products. This method has been desut near the band origins of the transitions to ths, &nd
scribed in detail elsewhefd*8In brief, the core-sampling  3p, states.
arrangement consists of a two-stage ion acceleration region, o " yo
an 18-cm field-free drift region, and a 4-mm-diam apertureﬂ" Excitation to the 3 p,(2*A")«—1 A" origin band
installed in front of a multichannel plate detectMCP, Ga- Figure 2a) displays the +1' REMPI spectrum of jet-
lileo, 25 mm). The ion detector is positioned parallel to the cooled CHOD in the origin band region of the3(2 2A”)
plane defined by the molecular and laser beams. The aperture 1 2A” transition. Figure @) shows the corresponding H
is mounted on a linear motion feedthrougdiDC, BLM- photofragment yield spectrum—namely, the variation of the
133-4 to allow alternation between total ion collection and H atom signal obtained as the excitation laser is scanned
core sampling. The core sampling technique utilizes a spatighrough the band origin region while the probe laser wave-
restriction in the ion detection in order to eliminate contribu-length is fixed at the H atom detection wavelength. The simi-
tions from off-axis ions, thereby yielding the speed distribu-larity of the CH,OD* and H" bands demonstrates that H is
tion of the recoiling fragments in a straightforward manner.a product of CHOD photodissociation. Due to a large H
In this method, TOF distributions of the photofragements arédackground, the H product was not discernible in our previ-
recorded with parallel and perpendicular polarization of theous experiment¥’
photolysis laser: therefore, bof(E1) and B.«(Ey) of the In order to check the isotopic purity of the GBID
photofragments are obtained. sample, REMPI spectra in the region of the,3rigin band
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FIG. 4. Core-sampling TOF spectra of D photofragments from,@BI
following excitation to the P, state at 285.5 nm. Signals from parallel
(solid line) and perpendiculatdashed ling polarization of the photolysis

laser beam are shown after background subtraction and normalization to
laser power.

son, the c.mP(E) of the D channel at the same wavelength

FIG. 2. (a) 1+1' REMPI spectra of CKOD (solid line) and CHOH (dotted
line) in the origin band region of theB(2 ?A")—1 2A” transition.(b) The
H photofragment yield spectrum obtained in ZD dissociation.

were obtained by monitoring both mass 32 and 31 {CB"*
and CHOH", respectively. From the signals shown in Fig.
2(a), we estimate that-5% CH,OH isotopic contamination
is present(assuming that the absorption cross sections o
CH,OD and CHOH are the sameThe source of CKOH is
possibly CHOH contamination in the CEDD precursor.
Because the peak positions of the REMPI signals 0GBl
and CHOH are well separated in enerfgee Fig. 2a)], the
products obtained with 243.6 nm excitation originate only
from CH,OD and are not affected by GBH contamination.
The c.m. translational energy distributidd(E;) and
Bei(Er) of the H channel obtained with 243.6 nm excitation
are shown in Figs. @) and 3b), respectively. For compari-

- H channel
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FIG. 3. (a) The c.m.E; distribution and(b) Et-dependenB distribution
of the H channel(c) The c.m.E+ distribution of the D channel. The distri-
butions are obtained with 243.6 nm photolysis of {D—(the peak in the
origin band of the ,(2 2A")—12A" transition. The arrow in panela)
indicates the maximum c.nk release in the H channel. Iic), the arrow
marks the value ofE]® for CH,0D— CH,0O(*A;)+D calculated using
Dy(O-D)=1.32¢eV.

is also showrnFig. 3(c)]. The maximum c.m. translational

energy release in the D channel is the same as that reported

before by Conroyet al'? and is consistent with the maxi-
mum value of 3.76 eV obtained by usin®,(O-D)
=1.32eV.

The c.m.P(E) corresponding to the H channel is much
narrower than that of D and has a maximum vaEg™

F1.7+0.1eV. The H product most likely derives from chan-

nel Il—i.e., C—H bond fission. The C—H bond dissociation
energyDo(C-H)=3.4+x0.1eV is obtained by energy con-
servation: E;,(243.6 nm)=Dy(C-H)+ET*-E;,, where
Eint is the internal energy of the parent hydroxymethyl radi-
cal, which is negligible in the cold beam expansion.

B. Excitation to the 3 p,(?A’)«12A" origin band

D and H products are also observed following excitation
to the origin band of the 8,(?A’)«—12A”" transition at
285.5 nm (35026 cm?). Figure 4 shows D-atom core-
sampled TOF profiles obtained with paralisblid line) and
perpendiculakdashed ling polarization of the photolysis la-
ser beam. The spectra shown are obtained after subtracting
background signals taken by blocking the 355-nm laser
beam. In Fig. 5, the correspondif{E1) and B.«(E7) of the
D product are presented. The transformation from TOF spec-
tra to E distributions has been described beftfre.
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0 1 2 3
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FIG. 5. (a) D photofragment translational energy distribution dbdl the
correspondindet-dependenfB¢; distribution. The distributions are obtained
following excitation to the origin band of thep3(?A’)—1 2A” transition at
285.5 nm.
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FIG. 7. (a) The c.m.E; distribution and(b) the E+-dependenjB¢ distribu-
FIG. 6. The c.mE distribution (open circley of channel | obtained fol-  tion of the H channel from photolysis at 285.5 nm. The solid and dotted
lowing excitation to the origin band of thep3(?A’)«1 2A” transition at lines represent the corresponding values obtained by usingdDHand
285.5 nm. The solid line shows a Gaussian fitting to the data. The arrowCH;OH as precursors, respectively.
indicates theET* value calculated usin®,(O-D)=1.32eV.

ucts deriving from the 5% C{OH contaminant discussed in

The D photofragmenE; distribution exhibits two fea- Sec. lll A. The UV absorption bands of GBH and CHOD
tures with markedly differenBes values. The high-energy to the 3, state are much broader than the corresponding
component that extends te3 eV has an almost constaflfz ~ bands to the B, state, and they overlap spectrally in this
of —0.7+0.1, while the low-energy peak atl eV is isotro- ~ region!* Consequently, both C}0H and CHOD dissociate
pic (Bef=0). The change inB.(Er) suggests that two following 285.5 nm excitation and contribute to the H signal.
sources contribute to the D signal. A similar change in  In order to separate the H contribution from the two
Bex(E7) Was observed in the study of the D product obtainedsotopic precursors, the c.m. translational energy distribution
via excitation to the 8 state™® In that study, the dependence P2(E1) and Bex(Ey) for the H channels from C}OH are
of the TOF spectra on experimental conditions was investifecorded in a separate experiment at the same wavelength
gated in a controlled way by varying the position of the CI and are shown in Fig. 7 as dotted lines. ThgE) ampli-
photolysis laser beam along the quartz tube and th&ude has been normalized to fit the tail®f(Ey). The simi-
[Cl,]/[CH;OD] ratio. Based on the variation of the low- larity of the maximum translational energy and the anisot-
kinetic-energy D component with experimental conditionsfopy parameters of the H channel in the tail region obtained
and its small intensity under conditions that disfavor secondin CH,OD and CHOH photodissociation supports our con-
ary reactions, it was concluded that the signal associateglusion that this tail arises from the small gbH contami-
with Be=0 at lowE+ derived from secondary reactions. The hation in the molecular beam. Notice tHa$(E+) displays
isotropic part observed in the present study appears to d&o0 distinct features. In analogy with the simultaneous C—H
similar and therefore can be removed by the sam@nd O-D bond fission channels in the dissociation of
procedure?® By assuming a constant value gfs~0 for the ~ CH,OD, they are attributed to C—H and O-H bond break-
slow component an@.s=—0.7 for the fast one, the relative ing. We also note that the low-kinetic-energy part corre-
contributionsP;(E+) (i=1 or Il) of the two sources can be sponding to C—H dissociation gives isotroffig;, while the
deconvoluted using the equatioR$E+) =P,(E+) + P, (E1) high-kinetic-energy region corresponding to O—H fission
and Be(ED)=x1(E1) Beir1+ x11(E1) Bettn»  Where xi(Eq) gives B¢ close to—1, which is consistent with thB« val-
=P;(E1)/P(E). ues observed for the C—H and O-D bond fission channels of

The c.m.P(E+) resulting only from the CHOD precur-  CH,OD.
sor is shown in Fig. 6. It is well described by a Gaussian ~ The contribution of H from CHOH is removed by sub-
function, with a peak atEP®®=1.77eV and widthAE;  tractingP,(Ey) from P,(E+). The resulting c.mP(Ey) of
=0.83 eV[full width at half maximum(FWHM)]. The arrow  the H channel from pure Ci#0D is shown in Fig. 8. The
in Fig. 6 indicates the maximum allowed c.m. translationalmaximum translational energy 1-D.2 eV is~1.9 eV lower
energy of the product&T*=3.01 eV, calculated usinB,
=1.32eV for the CHOD— CH,O (*A;)+D channel. This

—

24

value is in good agreement with the observed value. This H channel
confirms that O—D bond breaking is responsible for the D
product at this energy. The negatiggy value of —0.7=0.1 By=-02%01

is consistent with the B, (2A’)«— 1 2A” transition dipole mo-
mentu being perpendicular to the plane of gBD(3p,). It
also suggests that the dissociation from tlpe 8tate is rapid
compared to rotation about an in-plane axis. — T
The c.m. translational energy distributipR,(Et)] and
Bew(Er) associated with the H product at the same wave-
length is shown in Fig. 7 as solid lines. A rather long tail, FIG. 8. The c.mE distribution corresponding only to channel Il following

extending up to 3.5 eV, is observed By (Ey). The tail,  photolysis at 285.5see the text for detallsThe arrow indicates the value
which corresponds to a negatigey value, is due to H prod-  of EF®.

P(E,)(au)
>

o
1
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than that for the D channel and correspond<Dig{C—H) Bei=—1 is expected for fast dissociation without geometry
=3.2=0.2eV. The larger error bar is due to the &M change. According to HY, the radical reaches thesBate
contaminant. Nevertheless, this value is consistent with théom the 3, state via a single conical intersection. In the
3.4+0.1 eV value obtained following excitation to the3 subsequent step, it reaches the ground state through two dif-
state at 243.6 nm, confirming that direct C—H bond fissionferent conical seams. The broad spectrum of tpg(%A’)
takes place. Also note that, again, the H angular distributions—1 2A” transitiot' suggests that the lifetime of thep3
which corresponds t8.=—0.2+0.1, is more isotropic than state is short—i.e., less than a picosecond. Therefore, we
that of the D channel£.4=—0.7). propose that the more isotropiiz¢ value of channel Il is due

to out-of-plane motions required to access the intersection

seams between the upper and lower states.
IV. DISCUSSION Theg—h plane defined by HY provides a graphic repre-

In the electronic transitions from the ground state to theSentation of the energy differences and couplings between

3s, 3py, and P, states, the radical's unpairest, anti- two _zeroth-_order PESs in the vicinity of thelr conical inter-
bonding electron is promoted to a nonbonding Rydberg orSe€ction. This plane establishes a connection between nuclear

bital. Although Rydberg states of the dissociating speciednotion and conical topography. Threvectors calculated by
correlate diabatically with Rydberg states of products, onlyY for the two intersections betweers &nd the ground state
ground-state products are observed in our experiment@re perpendicular to the molecular plane. This agrees with
Therefore, Rydberg—valence interactions and nonadiabatieur conjecture of the importance of out-of-plane motions in

surface crossings must participate in the dissociation. enhancing the coupling matrix elements. As ti(&") and -
ground @A") states are of different symmetry, the vibronic

couplings that induce the interaction between them must be

The photofragment yield spectra of the D and H frag-of A” symmetry—e.g., out-of-plane motions. Large out-of-
ments from CHOD show that the onset of H production is plane motions along the C—H crossing seam, such ag CH
4540 cm ! higher than that of D, indicating that two separatewag (of A” symmetry, can reduce the anisotropy observed
steps contribute to the formation of these products. The H/Dor channel 1l. It is noteworthy that thé vector for the
ratio exhibits a monotonic increase with excitation energy,intersection between thep3 and 3 states is parallel to the
with no significant change as the radical is excited to differ-molecular plane, indicating that out-of-plane motions are not
ent Rydberg states. This suggests that the dissociationecessary. Therefore, the major difference betweengte
mechanism following excitation to thes3 3p,, and 3, values for channels | and Il originates in the/@ound-state
states shares a common step. coupling, and not in the 3,/3s coupling. The O-D bond

The photodissociation dynamics from the,3state in-  dissociation observed at 352.5 nm following excitation to the
volves conical intersections between the,3and the 3  3s state gives rise to the sanm@y as observed following
states and 8 and the ground state. Hoffmann and Yarkony initial excitation to the P, state*® This further confirms that
located several conical intersection seams that provide effthe pathway from 8 to the ground state dictates th&y
cient pathways for radiationless decay. Following value.
3p4(?A’)—12A" excitation, a low-energy portion of the No conical intersection calculations have yet been car-
3p,/3s seam of conical intersection is accessed at large C—Hked out for the $, state. However, because no significant
bond distance. From this seam, separate paths onstf=S$  change in the H/D ratio is observed when the radical is ex-
lead to JF/ground-state conical intersection seams along theited to the 3, 3p,, or 3p, states(see abovg dissociation
C-H and O-D coordinates. Finally, dissociation on thefrom the 3o, state probably proceeds via multiple surface
ground state yields HCOBH and CHO+ D products. crossings. After the radical is excited to thp,3tate, it first

The lowest energy of the sBground-state intersection couples to the lower Rydberg states and, finally, to the
seam along the O-D coordinate is calculated at 2.87 e\ground state. The H/D ratio is therefore determined by the
(23207 cm?), below the threshold of thesg?A’)«—12A" same final step. This interpretation is supported by Franck—
transition. Thus CBHOD can dissociate to C#0+D even in ~ Condon considerations. The Rydberg 3p,, 3p,, and J,
excitation to the onset of this transition, consistent with thestates(at 3.22, 4.34, 4.89, and 5.09 eV, respectiydipve
similarity of the absorption spectrum of thes@@A’) planar geometries resembling the ground-state ion, and they
—12A" transition and D photofragment yield spectrim. are close in energy. Therefore, in the dissociation from the
On the other hand, the corresponding calculated energy |I8p, state, the Franck—Condon factors are more favorable for
cation of the intersection along the C—H coordinate is higherinter-Rydberg couplings than for direct coupling to the
at 4.5 eV(~36 387 cm'%). This is consistent with the higher ground state, and multiple surface crossings are expected en
threshold observed for H production than for D. The ob-route to the dissociative state.
served threshold for channel Il is only 3.8 eV, lower than the  Simultaneous O-D and C-H bond rupture channels
value calculated by HY, but according to HY, their value mayhave also been predicted by Harding for the,GHDD reac-
be overestimatetf tion, which evolves via a CyOD intermediate.’” Approxi-

In the dissociation from the B, state, the angular distri- mately 400 trajectories were propagated at an initial energy
bution of the products of channel Il is more isotropic thanof 5.4 eV, which is close to the adiabatic energy of thg 3
that for channel I. Since thep3(?A’)« 1 2A” transition di-  state(5.08 e\j. In this calculation, B- CH,O is predicted to
pole momentu is perpendicular to the plane of G&D, be the major channgb7% and H+HCOD is the second

A. Mechanism of dissociation from Rydberg states
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major channe(13%). Since our experimental evidence indi- V. CONCLUSIONS
cates that the final dissociation step always takes place on the
ground state, the trajectory calculations carried out on th
ground PES provide a useful mechanistic guideline.

In this work, the photodissociation channeld)
TH,0D— CH,0+D and (Il) CH,OD—H+CHOD are in-
) ) vestigated from the threshold of H atom formation to the
Figures 6 and 8 show that D and H have differB(er) region of the origin band of thefB(?A”)«—1 2A” transition

andpeyr. In particular, there is almost no D population atlow (354 a0 41000 ci, respectively. H/D product ratios
Er, where the maximum H population is observed, Hadas well as products c.m. translational energy distributions

isomerization been important, the H and D fragments asso: o i . i
ciated with this channel should have had SimR4E-). This and kinetic-energy-dependent anisotropy parameters, are de

is not observed, at least at energies below the origin band (;[?rmined. Our main conclusions are summarized below:
’ 9 Y (i) The D and H fragments are produced directly via

B e e STl i hamnls | and I, respectveny No_evdence. o
' ' 9 CH,OD+ CH,DO isomerization is obtained.

and D fragments. (i) Even when initial excitation accesses thp,3and
3p, states, sequential couplings to the &ate followed by
conical intersections with the ground state access finally the

B. Spectroscopic implications dissociative ground state along the O—D and C—H coordi-
As concluded above, all the low-lying excited Rydbergnates, leading to channels I and II. _
states and the ground state of 3D are entangled by coni- (iii) The branching ratio to channel Il increases mono-

cal intersections connecting their potential energy surfacedonically as the excitation energy is increased above its
This intricate situation should be reflected in the excitationthreshold.
spectra involving these states. The predissociative nature is (V) The recoil anisotropy parameter corresponding to
clearly evident in the first absorption band, which starts aghannel I from ., Bes=—0.7, is characteristic of fast dis-
~26000 cm® and corresponds to thes@A’)«—12A”  sociation e for channel Il, however, is nearly zero, and we
transition. This band is broad and displays no vibronicsuggest that it may be affected by strong out-of-plane nuclear
structured?! motions required for the coupling os3and the ground state,
Because a conical intersection betwees and the Which are ofA” and A" symmetry, respectively.
ground state is expected above 2.9 eV, the nuclear dynamics (V) The experimental results are in agreement with pre-
no longer proceeds on the individual PESs. The strong nondiminary conical intersection calculatiodwhich reveal at
diabatic interaction renders thes 3tate “unbound” with re-  1east one conical intersection between thg and 3 states
spect to the O—D coordinate. Along this coordinate, the exand two between Sand the ground state. In these calcula-
cited radical is funneled through an efficient “vertical” tions, theg—h plane representation indicates that out-of-
conical intersection from thes3to the ground-state surface, Plane motions participate in the coupling betweera8d the
leading to internal conversion and rapid dissociation, whictground state. A more complete understanding of the photo-
is responsible for the diffuse nature of the absorption Hand. dissociation dynamics requires additional theoretical investi-
In spectra involving excitations to thep3 and 3, gations that include all the states involved in the dissociation.
states, vibrational structure is evident, but no rotational fea- (Vi) The maximum translational energy for channel Il is
tures can be resolved. The narrower spectra can be rational9+2 kcal/mol. From this value, the heat of formation of
ized by considering the shape of the intersection cones b&HOD, AH?(CHOD)= 24+ 2 kcal/mol, is obtained in good
tween the two coupled states. Thes/@ound-state agreement with the theoretical prediction.
intersection is vertical, while that between thp,3and 3
states is tilted? Tilted cones offer ease of access, but are leSACKNOWLEDGMENTS
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