Evidence for stepwise dissociation dynamics in acetone at 248 and 193 nm
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The technique of molecular beam photofragment translational spectroscopy has been used to study
the dissociation of acetone followirf§j < S; (248 nm andS,«— S, (193 nnj excitation. Excitation

at 248 nm resulted in the production of gahd CHCO with 14.2£1.0 kcal/mole on average of the
available energy appearing as translation of the photofragments. Comparison of the méagured
with values reported at 266 nm suggest that the energy partitioning is dominated by the exit barrier
caused by an avoided crossing on the potential energy surface. A substantial f(a0tiai¥o) of

the nascent acetyl radicals from the primary dissociation contain sufficient energy to undergo
spontaneous secondary decomposition. From the onset of the truncation of {8©OE®HE) a
threshold of 17.&3.0 kcal/mole for the dissociation of the acetyl radical has been determined in
agreement with recent results on the photodissociation of acetyl chloride. The translational energy
release in the dissociation of GEIO closely matches the experimentally determined exit barrier. At
193 nm the only observed dissociation pathway was the formation of two methyl radicals and
carbon monoxide. On average38% of the available energy is found in product translation
suggesting that significant internal energy resides in the nascepfr@inents consistent with the
results of Hallet al. [J. Chem. Phys94, 4182(1991)]. We conclude that the dynamics and energy
partitioning for dissociation at 193 nm is similar to that at 248 nm.1@95 American Institute of
Physics.

I. INTRODUCTION small barrier caused by an avoided crossing onTheur-
face. The barrier height has been measured by Zuckermann

Acetone, the simplest ketone, has been used as a modgl 51 \who observed a pronounced decrease in the fluores-
system for understanding the rich photochemistry of this engence emission at 305.8 nm. This corresponded to a barrier

tire class of carbonyl compounds. Photolysis proceeding Vigq, gissociation of 93.4 kcal/mole above the ground tate.
a-bond cleavageNorrish type ) is the most studied of the 5000k and Wilson used photofragment translational spec-
photochemical processes. At sufficiently high excitation eNtroscopy(PTS to examine the photodissociation dynamics at

ergies acetone represents a prototypical three-body dissoCidge \m and found that 13.9 kcal/mole on average of the

tion process involving the cleavage of two identical chemicaly 2iaple energy appeared as product transi&tiahaits

bonds. Of dy_”am'ca' interest is the e_xtent to which the WOy 51 measured the translational energy of the vibrationless
bond breaking steps are energetically and temporalioy ragicals by 2-1 resonance enhanced multiphoton ion-
coupled. The existence of spectroscopic methodology fof,ation (REMPI) ionization/time-of-flight mass spectrometry
probllng the p_hotofrag_ments has r_esulted in the extraction ,oénd obtained a simila¢Eq) value” The large fraction of
considerable information concerning the nascent energy dissnergy partitioned into translation of the photofragments was
tributions of the products. However, despite numerous recenfyinyted by both groups to a barrier in the exit channel. The
studies on the photodissociation dynamics of acetone, thgmijarity between the observed translational energy release
sequence of events leading to the three asymptotically Sepgpq the parrier height of 13.2 kcal/mole determined by Zuck-
rated fragments is still largely unresolved. The present eXgrmannet al. suggested that the dissociation proceeds on the
periments were pursued in order to further clarify the gasr g rface. The spatial distribution of the photofragments in
phase UV photodissociation dynamics of acetone. both studie$’ was found to be isotropic, contrary to the

The first absorptiorl band in acetone .C?”tfre‘%”a_ﬁo work of Solomonet al. who observed anisotropy in the
nm corresponds to an™«—n(S;<—S,) transition. This in- dissociatiorf

volves promotion of a nonbonding electron on the oxygento o spontaneous decomposition of the acetyl radical is

an a_mtibqnding orbital Iocglized on the.caer”yI moigty. ossible if its internal energy exceeds the barrier to dissocia-
Within this wavelength region acetone dissociates to yielg;q,

methyl and acetyl radicals
CH;COCH;—CH3;CO+CHs. (1) CH;CO—CH;+CO. 2)

The initial excitation is to thé\"” adiabatic potential en- Kinetics studies of Ckladdition to CO yielded a C}O
ergy surface which is bound along the C—C coordinate. Bondbarrier to dissociation of 17:20.5 kcal/mole’ A number of
cleavage can occur by either internal conversion or intersysather kinetic studies have obtained values ranging from 11.1
tem crossing to th€, %so* configuration via out-of-plane to 21.7 kcal/mole? In a more direct experiment Gandini and
motion®* Excited state dissociation then proceeds over aHackett determined a barrier height of 20.3 kcal/mole from
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man et al. measured the rovibrational and translational en-
ergy of all the photofragment€.The CO distributions were
160 7= & By, = 148 bealmole obtained using rotationally resolved vacuum ultraviolet
N - (VUV) laser-induced fluorescencé ¢IT—X '3 ) excita-

tion spectroscopy and significant rotational excitation was
observed. The translational energy of the CO fragment was
also determined from the Doppler widths of several of the

A ; ) " ) : -
\ rovibronic transitions. Linewidths of 0.5—0.6 ¢rhwere at-
{s,1;}

120 —— E s 45 ns 115 kealimole

tributed to a center-of-mass velocity of 1600 m/s and a ki-
CH;+CO+ CH, netic energy of 8.61.0 kcal/mole. The methyl fragments
CH;CO+ CH, were probed via 21 REMPI through the p2Aj« 2p2Aj
transition and observed to be vibrationally cald6% in
v=0) with most of the vibrational energy in thg, mode.
Using the pulsed field extraction time-of-flight technique,
Trentelmanet al. measured the translational energy of the
CH,09 band to be 10.52 kcal/mole. The translational en-
ergy distributions for both methyl radicals were found to be
—— indistinguishable. The low internal energy content of the me-
(CHy,Co thyl fragments was interpreted by Trentelman as evidence for
a dissociation which occurred prior to randomization of the
FIG. 1. Energy level diagram for acetone dissociation adapted from Ref. 19available energ}? Recent diode laser absorption/gain ex-
periments on the 193 nm photolysis of acetalgeby Hall
et al. suggest, however, that the vibrational energy excitation
of the nascent methyl radicals is significantly higfea
stepwise dissociatioimvolving almost complete randomiza-
tion is consistent with the observed 6% population of;CD
f photofragments formed in the vibrationless state.
By measuring the translational energy of all the photo-

80T

Relative Energy (kcal/mole)

401

observing the COA II—X 37) resonance fluorescence
produced from acetone dissociation at 330—250"hBesh-
mukh and Hess have detected®l;) and CH, photoprod-
ucts by 21 REMPI arising from the 236 nm dissociation o

acetyl chloride'? The quantum yield of Cklfrom CH,CO
" . = fragments averaged over all product quantum states we hope
decomposition was estimateddg, ;=28% although no bar- . . : -
to obtain a more complete picture of the dissociation dynam-

rier height was given. Recent PTS studies in our Iaborator¥cs Photodissociation at 248 nm represents an important ex-
on acetyl chloride photodissociation at 248 nm showed that™" P P

. ension of earlier work performed at 266 nm. The variation
~35% of the acetyl radical fragments underwent secondar}/n the partitioning of available energy into product transla-
decompositiort? The barrier height to C§CO dissociation P g ay P

was determined to be ¥71 kcal which is consistent with the tlgn ?Stia I:ugc’;:gn OL Eixstaﬁ'or:: Wﬁveéen?t{]h W'tth'n Ithe Sa:c”:r’]a
result of Watkins and Word. absorption band can reveal much about the topology or the

The second absorption bang,S;) in acetone results potential energy surface. In addition, photodissociation at
from an 3—n Rydberg excitation. Th, state is predisso- 248 nm presents the opportunity to extract additional evi-

ciative, coupling to thdS;,T,} state via skeletal bends and dgnce concerning the.bamer helght o .@.I decomppsr
A . tion as well as its unimolecular dissociation dynamics. In
CHjs torsion:™= Figure 1 shows a schematic energy level

diagram for the photodissociation of acetone. Pilling and co!Ight of the recent disparate dissociation mechanisms pro-

. . . posed by Hall and Trentelman, the photodissociation of ac-
workers have shown by end product analysis that dissocid- : L
L g . etone at 193 nm clearly warrants further investigation. The
tion into two methyl radicals and carbon monoxide

translational energy distribution of the Glhotofragments
CH3COCH;—CH;+CO+CH, (3)  following 193 nm S, S;) excitation have previously been

accounts for-95% of the photolysis producté This obser- measured for only the vibrationless methyl products. It is our
pelief that a remeasurement of this particular degree of free-

vation, in addition to the large absorption cross section a . . - e S
193 nm demonstrated the potential of acetone as a cle m is crucial to determining the true partitioning of the

source of methyl radicals for higher temperature kinetics"’“""‘"""ble energy.

studies. The first determination of the internal state distribu-

tion of a nascent photofragment was obtained from time re;

solved infrared emission of CO by Donaldson and Lebhe. Il EXPERIMENT

The significant rotational excitation observed was attributed These measurements were carried out on a molecular
to a stepwise dissociation mechanism. Excitation in thébeam apparatus with a fixed source and a rotatable detector
CHsr; vibration was also monitored and showed evidencehat has been adapted to perform photofragment translational
for at least one methyl possessing substantial vibrational erspectroscopy experimerfts??For the majority of the experi-
ergy. Woodbridgeet al. subsequently measured the CO dis-mental data acetone seeded in helium was expanded using a
tributions with higher resolution and concluded that the ro-pulsed valvé® (1.0 mm nozzlg with a Physik-Instrumente
tational temperature was slightly greater than observed bpiezocrystal. The conditions of the molecular beam varied
Donaldson(~3360 K).!® In a comprehensive study, Trentel- from 5%—20% acetone at stagnation pressures ranging be-
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tween 150-680 Torr. An extension on the pulsed valve

nozzle heated to 200 °C significantly reduced formation of 5500 - ‘ r;l/e=l15 i
clusters in the beam. A time-of-flight method was used with
a spinning slotted wheel to measure the velocity and velocity o 2000
spread of the molecular beam. An appropriate time delay § 1500
between the wheel and the pulsed valve ensured accurate 3 1000
sampling of the region of the pulse that was irradiated. b 500
The resulting collimated pulsed beam was crossed at 90° 5
with the output of a Lambda Physik EMG 202 MSC excimer ¢
laser operating at the ArFL93.3 nm and KrF (248.5 nn) 5000
transitions. The laser fluence at both wavelengths was typi-
cally 40—160 mJ/crh The neutral photofragments recoiled , rooo
20.8 cm where they were ionized by electron bombardment, T 3000
mass selected using a quadrupole mass spectrometer, and § 2000
counted with a Daly ion detector. A computer interfaced mul- 1000
tichannel scaler, triggered from the laser pulse, was used to 0§
collect and store the data. Polarization of the laser was , , , , _©
achieved with ten quartz plates at Brewster’s angle with re- 0 50 100 150 200 250
spect to the direction of laser propagation. The resulting Flight Time (microseconds)
>95% polarized light could then be rotated by adjusting the
orientation of the polarizer. FIG. 2. TOF spectra at 248 nm of/e=15 (CH3) at laboratory angles 25°

The data was fit using an iterative forward convolutionand 35°. Circles represent data points. Contributions are shown fgr CH
technique that has been previously descri%léa.Brieﬂy, a  (solid line) and CHCO (dashed lingfrom reaction(1) and CH originating

center-of-mass translational energy distribution is chose
convoluted with the instrument response functions, and

nfrom reaction(2) (dotted ling.

transformed into laboratory time-of-flighT OF) spectra. The  reaction(1) which was derived from fitting the fast compo-
calculated TOF is then compared to the experimental TORent in Fig. 2 is shown by the solid line in Fig. 3. TREE)

and the translational energy distribution is iteratively ad-nas an average value of 14:2.0 kcal/mole and a full width

justed until a satisfactory fit is obtained.

at half maximum(FWHM) of ~12 kcal/mole corresponding

to an average of 45% of the available energy appearing as
IIl. RESULTS AND ANALYSIS product translational energy.

At longer times(~130 ws) in Fig. 2 is a peak from

A. Excitation at 248 nm dissociatively ionized CKCO. Since the acetyl radical is the
Product time-of-flight data was collected fae=15 momentum matched fragment of the primary methyl it

(CHJ), m/e=28 (CO"), andm/e=43 (CH,CO") at detector ~Should share the sanfE+). However, the slow component
angles ranglng from 15° to 55° from the molecular beam'S not|Ceab|y absent from the TOF prOfI|e ThIS |S more eV|'

Subtraction of the laser-off spectra from the laser-on spectra
was performed on all time-of-flight spectra. The/e=15
TOF spectra shown in Fig. 2 consists of three components:
methyl radicals and acetyl radicals from reacti@hand sec-
ondary methyl radicals from reactidg).

The fast peak at-60 us in Fig. 2 corresponds to methyl
radicals from reactioril). The energy available to be parti-
tioned between the degrees of freedom of the primary
photofragments is given by the following expression

Eavai= Eny— Do(CH3CO—CHg) + Ejy, (4)

where E,, is the photon energy (115 kcal/molg,
Dy(CH;CO-CHy) is the bond dissociation energy of 83.7
kcal/mole (Ref. 26 and E;, is the internal energy of the
parent molecule. The vibrational energy content of acetone at
room temperature is estimated to bd.5 kcal/mole based

on the known vibrational frequenciésMost of this excita-
tion should involve the low frequency modes, skeletal bends
and methyl torsions, which are expected to undergo partial or
complete relaxation in the supersonic expansion. Assumin
that the internal energy of the parent is negligible, the avail-

Probability (arb. units)

Internal Energy (kcal/mole)
30 25 20 15 10 5

0.10 -K(CHS)ZCO —-> CH; + CH3CO
0.08 _
0.08 -
0.04

0.02 +

0.00

0 5 10 15 20 25 30
Translational Energy (kcal/mole)

EIG. 3. Center-of-mass translational energy distribut®¢E) for reaction
(1) used to fit the data in Figs. 2 and 4. The solid line is derived from fitting

able energy is 31.3 kcal/mole follpwing c-C bo.nd .Cleavagethe methyl radical from reactiofl) and the dotted line is derived from
The total center-of-mass translational energy distribution fofitting the m/e=43 spectra.
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m/e=43 —~ CH,CO —> CH, + CO
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FIG. 4. TOF spectrum at 248 nm of/e=43 (CH3C0_+) at a laboratory  FIG. 6. Center-of-mass angular distributidf(6), used to fit the secondary
angle of 25°. Circles represent data points and the line is the forward confragments from reactiori2). ° corresponds to the direction of the acetyl
volution fit using theP(E+) in Fig. 3 truncated as shown by the dotted line. radical recoil.

dent in them/e=43 (CH,CO") TOF spectra shown in Fig. 4.
By conservation of energy, the smaller the translational enand superior signal-to-noise comparednibe=15. The ab-
ergy of the photofragments the greater their internal excitasence of any correlation between the fragments recoil and the
tion. When the internal energy exceeds the barrier to disscangle of laser polarization is consistent with the findings of
ciation of CH,CO these radicals fail to persist long enough toRefs. 6 and 7 but contrary to the anisotropy reported in Ref.
reach the detector. This resulting truncation of the low en8. An anisotropy parametérof =0 was used to fit the
ergy CHCO radicals is illustrated in the center-of-mass ve-entire set of experimental data.
locity distributions of Fig. 5. A dotted line that starts to de- The last component of the/e=15 TOF in Fig. 2 is a
viate from the CH P(Ey) in Fig. 3 at~12 kcal/mole marks broad underlying feature due to methyls from the secondary
the truncation of the low energy side of the §30 P(Ey). decomposition of acetyl radicalgeaction (2)]. Since this
The m/e=43 spectrum at 25° was used to fit the slow por-feature arises from acetyl radicals that are absent from the
tion of the CHCO P(E+) and yields a reasonable fit to the total P(E;) for reaction (1), the primary distribution of
slow component in then/e=15 TOF spectrdFig. 4. Based CH,CO translational energies was obtained by subtracting
on the relative integrated area of the truncated region to ththe CHCO P(E+) from thetrue primary P(E;) used to fit
entire primaryP(E;) an estimate of the fraction of acetyl the CH; radicals from the initial bond cleavage step. In order
radicals that undergo secondary dissociation can be obtaineth fit the apparent bimodal shape in the TOF, a forward—
This gives a value of 30%64% which is in good agreement backward symmetric secondary angular distributi®g),
with the CO quantum vyield of 0.35 determined at 250 nm bywas used, consistent with the fated acetyl radicals persisting
Gandini and Hackeftt The uncertainty reflects our measure for longer than their rotational peridd.The secondary an-
of confidence in fitting the slow side of the/e=43 peak in  gular distribution is shown in Fig. 6. The fits to the second-
the TOF spectra. ary components of the TOF spectra were reasonably sensi-
The m/e=43 TOF spectra for vertical and horizontal tive to both the seconda®(E;) andT(6). Provided that the
linear polarization of the photolysis laser showed no differ-forward—backward symmetry, peaking along the poles, of
ence in intensity. The acetyl radical fragment was monitoredl (6) was maintained and the secondd&{E;) was peaked
because the TOF flight spectra have only a single component5-7 kcal/mole away from zero, reasonable fits to the data
could be achieved. We, therefore, adopted a simple model in
which the primary and secondaB(E+)’s were decoupled
but constrained to conserve the available energy. This re-

sulted in appropriate truncation of the second&{E)
; P(enco) when required. The best fit was obtained with a broad Gauss-
PV ) ian secondary(E+) with a most probable value that closely
| CH, 2 matched the experimental exit barrier height-6
/\ /. kcal/mole.>*® Figure 7 shows then/e=28 (CO") TOF
; // spectrum at a laboratory angle of 35°. The spectrum contains
i@—_(l’_)i contributions from primary acetyl fragments and CO from
' Ven v reaction(2). The secondanf(6) and P(Et), derived from
CH,CO

acetone dissociation, were also used with only slight modi-

FIG. 5. Center-of-mass velocity distributions for €ieft) and CHCO fication to fit successfully the GFIOF spectra arising from

(right) from reaction(1). The shaded region indicates gEO radicals that the secondary CKCO decomposition in the photodissocia-
are unstable with respect to secondary dissociation. tion of CH;COCI (Ref. 13 and CHCOBr (Ref. 30 at 248
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FIG. 7. TOF spectrum ofn/e=28 (CO*) at 248 nm. The open circles are
the data. The lines are the contributions from primary acetyl fragments
(dashed lingand CO fragments from secondary dissociation.

100

0 oo

¢} 100 200 300
Flight Time (microseconds)

nm as shown in Fig. 8. The insets of Fig. 8 show the primary

translational energy distributions derived from fitting the re-
spective halogen atoms. FIG. 9. TOF spectra at 193 nm of/e=15 (CHJ) at laboratory angles 20°,

The intensity of all detected fragments from acet0ne35°, and 50°. Circles represent the data and the line is the forward convo-

. R . . . . . .. lution fit using theP(Ey) in Fig. 10.
photodissociation varied linearly with laser power indicating 9 (& 9
that the observed processes involve a single photon.

lower masses, there was no evidence for acetyl at its daugh-
ter masses. TOF spectra were also measured at several other

Time-of-flight spectra form/e=15 andm/e=28 were masses that would correspond to the products from the fol-
collected at detector angles ranging from 15° to 55°. Signalowing proposed minor channels in the 193 nm photolysis of
was not observed ah/e=43, the parent mass of the acetyl acetone®

radical. Although CHCO could dissociatively ionize to CH,COCH;—CH,+ CH,CO, ®)

CHyCOCH;—H+CH,COCH. (6)

B. Excitation at 193 nm

800 + (a) ' . No photodissociation signal was detectednate=16

007 | 1 (CHy) or m/e=42 (CH,CO") that would arise from reaction
0.050 17 (5). In order to ascertain the importance of react{épthe

0.028 1 experimental apparatus was modified to facilitate the detec-

400 - ® 0.000 L L 1
0

600

P(E)

tion of hydrogen atom$! The only single photon laser de-
pendent signal observed amife=1 was due to methyl radi-
cals from reaction(3) that had dissociatively ionized.
Although reactiong5) and(6) may still be occurring at lev-
els below the limit of our detection they are minor channels.
Time-of-flight data form/e=15 at laboratory angles of
20°, 35°, and 50° are shown in Fig. 9. The observation of
only a single peak in the TOF spectra is consistent with the
indistinguishability of the velocity distributions reported by
Trentelmart? If the single peak is the result of methyls origi-
nating from a synchronous three-body dissociation then,
since the methyl radicals are identical, the treatment of the
data is straightforward. A method for the analysis of a syn-
chronous dissociation was recently developed for the study
of s-tetrazine and a thorough description of the method is
0 100 =00 300 400 presented thereitt. Briefly, the experimental data is analyzed
Flight Time (microseconds) by the same forward convolution technique used to fit two-
FIG. 8. TOF spectra ahVe=15(CHj3) at a laboratory angle of 20° from the dey diSSOCiatiO-nS but with several important differences.
248. nr-n photodissociation df) Clj3COCI and(b) CH,COBr. The open First, an energy mde_penden_t set of mos_t probable angles .be-
tween the asymptotic velocity vectors is chosen. Gaussian

circles are the data and the contributions are identical to those in fsge? ] :
text for detail3. functions describe the spread about these angles and a total

Counts

200

400

300

200

Counts

100
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FIG. 10. Center-of-mass translational energy distribution derived from fit-

ting them/e=15 TOF spectra at 193 nm.

translational energy distribution is assumed. All three are

FIG. 12. Center-of-mass translational energy distribution derived from fit-
ting them/e=28 TOF spectrdsolid line). The dashed line shows a Boltz-
mann distribution at 3000 K.

then iteratively adjusted until a satisfactory fit to the data is

obtained. The present data could not be fit in this manner b
constraining the dissociation to be symmetric about the tw
C—C-0Oangles** This suggests that monsynchronous dis-
sociationwith overlapping CH distributions is more prob-
able than a synchronous one. This is consistent with the higﬁ
degree of CO rotation observed previouSly'® Since the
dissociation is nonsynchronous, involving two impulses
separated by a finite time interval, the inability to resolve the
two methyl radicals makes a unique determination of the
translational energy distributions from each step impossible
The least biased approach to fitting the methyl TOF
spectra involves obtaining the independent fragmiefi )
for the methyl radical in the acetone center of mass. Figure

}S(ET) can be derivedFig. 12 and has an average value of
%.8+0.5 kcal/mole.

Polarization measurements were performed at Inoth
=15 andm/e=28. Them/e=15 spectra exhibited no varia-
on in either intensity or shape with the change of laser
polarization. Since the single peak in the TOF spectra is a
composite of methyl fragments from both the first and sec-
ond bond cleavages, the ability to measure a small degree of
anisotropy in the initial dissociation step is dubious. How-
ever, the lack of any apparent polarization dependence sug-
gests that if the dissociation is not completely isotropic the
anisotropy parameter is negligibly small.

10 shows the distribution which has an average value of

7.7+1.0 kcal/mole and a FWHM of-15 kcal/mole. The CO

IV. DISCUSSION

fragment(m/e=28) TOF spectra at laboratory angles 35° o gycitation at 248 nm
and 50° are shown in Fig. 11. In a similar fashion the CO

Counts

Counts

FIG. 11. TOF spectra at 193 nm of/e=28 (CO") at laboratory angles 35°

Flight Time (microseconds)

Primary dissociationThe large fraction of available en-
ergy that is found in product translation for reactidhis not
indicative of typical simple bond rupture via a loose transi-

tion state®® In that case, the translational energy would re-
flect the statistical partitioning of available energy into the
reaction coordinate and produce a distribution peaked close
to zero. The preponderance of energy that appears as frag-
ment recoil could have several origins. Incomplete random-
ization of the available energy could leave a greater than
statistical fraction in the reaction coordinate. This, however,

seems difficult to reconcile given the available energy and a
Y(n,7*) lifetime at 260 nm of 1 ns measured by Breuer and
Lee3® A limiting, impulsive model for predicting the dis-
posal of available energy between the translation and internal
motion of the photofragments has been presented for tri-
atomics by Busch and Wilsoff. A generalization of the
model to treat polyatomics has been developed by ick.
The impulsiveapproximation assumes that all of the avail-

100

200

able energy appears in the dissociative coordinate as repul-
sion between the two atoms linked by the dissociating bond.
The remaining atoms are then considered as spectators and
the redistribution of the initially localized energy proceeds in

and 50°. Circles represent data points and the line is the best fit to the dataccordance with classical kinematics. The impulsive model
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predicts that 54% of the available energy should appear as E,,(CH;—CO)=E,,,— Do(CH3CO—CHy) — E(min)
fragment translation. Interestingly, th& ) reported here
(14.2£1.0 kcal/mol¢ is very similar to the(E;) values de-
termined at 266 nn(13.9 kcal/molé¢ despite a difference of =31.3-13.5,

~8 kcal/mole in the available energy. Since the energy par- (7)
titioning in the impulsive model is based solely on mass Epar(CHs—CO)=17.8+3.0 keal/mole.

factors, the fraction of the available energy in translation It is assumed that acetone, following supersonic expan-
should be invariant with respect to the excitation energy. Theion, possesses negligible internal energy. Rice—Ramsper-
agreement between the impulsive model and the experimeiger—Kassel-Marcus(RRKM) calculations indicate that

tal translational energy release at 266 nm is therefore fortuacetyl radicals with 0.1 kcal/mole in excess of the barrier to
itous. The insensitivity of the photofragment translation todissociationshavg a lifetime of5x10 *°s, far shorter than

the excitation energy suggests that the dissociation dynamid8€ ~1%10 s flight time to the detector. Consequently the

are mediated by the substantial exit barrier on the potentidffcertainty introduced by the detection of acetyl radicals at

energy surface. The origin of this barrier is an avoided crosscherales just above the GEO threshold to _d|ssoc:|at|on IS
. S L minor. There are several factors that contribute to the less-
ing on theT, surface which is reached via intersystem cross-

. : . . than-abrupt truncation of the GBO P(Ey). The first is that
ing (1ISC) from th.e excitedS; state. If mtramqlecullar_VIbra' a fraction Ef the product internqal exci'fatiTgn can be partitioned
Flongl red'St“bu"O.n(NR) ogcurg prior to dissociation, as into the methyl radical fragment. A detailed determination of
implied by the excited state lifetime ef1 ns, then the trans-  {he nascent rovibrational distributions of the methy! radical
lational energy release will be dominated by the repulsiveyroducts has not been done at 248 nm although experiments
forces acting beyond the transition state rather than the magt 266 nm have shown minor GHxcitation in the out-of-
nitude of the available energy. Dissociation will occur whenplane mod€.As a consequence, some internal energy above
sufficient energy, which is statistically redistributed amongthe threshold for CECO stability can be accommodated by
the vibrational modes of the parent, flows into the reactiorthe CH; partner fragment. As some of the available energy is
coordinate to overcome the barrier on the potential energypartitioned into the internal degrees of freedom in the methyl
surface. Photofragment translation, therefore, increases wifid@gment, the truncation will become more gradual. How-
available energy in proportion to the probability of finding €Ver, as long as a non-negligible quantity of internally cold
excess energy in the reaction coordinate. This dependence §&s 1S Produced, the onset of the truncation will still reflect

small, affecting mostly the width of the energy distribution, the barrier height to CECO dissociation. Another effect that

in comparison to the large translational energy release origimay result in an overestimation @&,,(CH,—CO) is rota-

. . ; tional metastability of the CKCO fragment. From consider-
nating from the exit barrier. . -

There are many reasons why the photodissociation of guon of the nonplanar acetong transition state geometry, the

. . ) 7 dacetyl fragment should contairrl kcal/mole of rotational

pplya_tomlc molecule would lead to an isotropic spatial d's_'energy. The angular momentum will be projected predomi-
trlbutlon. of the fragments. ngeral of these havg begn dlsﬁanﬂy along the C—C bond and therefore most of this energy
cussed in regards fn,=*) excited aceton8If the dissocia- il be unavailable to couple into the reaction coordinate. A
tion is less than prompt, the correlation between the directiogevere example of this effect was observed in the dissocia-
on the electric dipole momertj) and the relative velocity tion of bromoethanol by Hintsat al. which, following initial
vector (v) of the photofragments will be diminished by par- C—Br bond cleavage, produces a highly rotationally excited
ent rotation. Once the lifetime of the excited acetone exceedS,H,OH radical that could be detected despite containing
several rotational periods then the angular distribution willinternal energy in excess of its barrier to dissociatifThe
approach isotropic. Given thel ns lifetime of theS, state,  barrier height of 17.83.0 kcal/mole should, therefore, be
rotation prior to dissociation appears to be a plausible explaviewed as an upper limit. Since none of these factors are
nation for the lack of observed spatial anisotropy. present in the photodissociation of acetyl chloride, the:17

Secondary dissociation:Photofragment translational kcal/mole value obtained in that expe_riment is more reliable.
spectroscopy has been successful in determining the energet- 1he secondaryl (6) and P(Ey) derived from fitting the
ics of radical decomposition by comparing the time-of-flight ™/€=15 andm/e=28 TOF spectra provide a detailed mea-

spectra for a radical photofragment and its momentuns4re of the dissociation dynamics of the acetyl radical. In

matched partner. This has been demonstrated by Mintoﬂrder for the s_eco-n.dary angul_a r distribution of a Igng—llved
. - - complex to be justified the lifetime of the acetyl radicals that
etal. in determining the exothermicity of 4E,Cl

. o . dissociate would need to be longer than their respective ro-
dissociatior® and more recently has been applied to the case J P

ical? ) ational periods. Treating the GBO as rigid, its rotational
of the acetyl radicat” Although the acetyl radical can un- g iation can be calculated based on the exit impact param-

dergo secondary dissociation, the primary methyl radicabier derived from the dissociative geometry and the most
cannot. The truncation of the GBO P(Ey) represents the propable recoil velocity of the primary fragments. A nonpla-

maximum product internal energy at which the & is  nar dissociation, consistent with the geometry of the transi-
stable. IfE+(min) denotes the value corresponding to the onsetion state? predicts a rotational period o1 ps. RRKM

of truncation then the barrier to GBO dissociation can be calculations were performed using the vibrational frequen-
calculated from the following expression: cies of the radical and activated complex given by Watkins

Eavail_ ET(min)
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and Word? Given an average internal energy of 24 kcal/moleTABLE I. Average fragment energiet&cal/mole for acetone photodisso-
for those CHCO radicals that decompose and our experi-ciation at 193 nm.
mentally determined barrier height of 17.8 kcal/mole, a life-

time of ~10 ps is predicted which is longer than the rota- Ref. 19 I"r:f;ése';'e This work BIMP
tional period. The present observations are also consistent

with long-lived CHCO seen in the photodissociation of Er(CHs) 10.5£1.9 105 10.50.5 10.7
acetyl iodid&® where the rotational excitation of the acetyl () 2.6 2:6 172
radical should be considerably less since the dissociation g&(Co)° 6.6+1.2 6.7 2.305 2.1
ometry is planar. In addition, the nascent L@ radicals En(CO 9.1 10.3 5.7
from acetyl iodide photodissociation contai¥5 kcal/mole g ¢, 12.141.9 14.3 4305 4.0
of internal energy and should, therefore, possess much,(CH, 2.6 36 9.4

shorter lifetimes. an rod ined .
T e method is outlined in Ref. 19.
The remarkable SImIIa”ty between the average tranSIabThe details of the calculation are presented in the Appendix.

tional energy of the secondary step and the exit barrier terransiational energies for these fragments are given in the secondary center
CH3CO decomposition suggests that the dissociation dynamef mass.

ics of the radical are analogous to the initial C—C bond
cleavage in acetone, i.e., the energy partitioned into transla-
tion is determined by the repulsive forces acting in the exiR/
channel. Further evidence to support this claim rests in th
nearly identical seconda(E+) required to fit the Chand
CO fragments from CECO decomposition in the photodis-
sociation of acetyl chloride and acetyl bromide despite th
significantly different vibrational energy content of the na
scent acetyl radical photofragments.

ibrational energy of the acetyl fragment was coupled into
the second c-C bond cleavage. Favorable agreement be-
tween the model and the experimental results supported the
conclusion that the dissociation involved almost no random-
§zation of the available energy between either bond breaking
“step. The measured average energies in the various degrees
of freedom of the fragments as well as the predictions of the
impulsive model are shown in Table I.

Although the impulsive model was successful in match-

Energy partitioning: Complementary product state dis- ing the experimental data, the energy partitioning observed
tributions of the photofragments arising from acetone photoby Trentelman, specifically the vibrational energy of the me-
dissociation at 193 nm have provided valuable insight intahyl fragments, was subsequently contradicted by the results
the dynamics of the bond breaking process. Donaldéand  of Hall etal?®® Following the 193 nm photolysis of
later Woodbridge? both concluded that a nonsynchronousacetonedg in a gas flow cell, the time dependent increase in
dissociation was necessary to account for the angular mdhe vibrationless state population was measured by absorp-
mentum reflected in the highly excited CO rotational distri-tion of the », fundamental. A significant increase, consistent
butions. Measurement of the, emission from the nascent with the time scale of vibrational relaxation, was observed
CH, fragments by Donaldson suggested that at least one @nd suggested that only 6% of Giadicals were formed in
the methyl radicals possessed significant vibrational energyhev =0 state. It was concluded that the nascent methyl radi-
Based on these two observations Donaldson proposed theals are “produced in a large number of vibrational states
the dissociation was a two-step process although the timeith no strong preference for any particular vibrational
scale between C—C bond cleavages could not be unambigmode.”° The shortcomings of REMPI for extracting accu-
ously determined. A stepwise dissociation mechanism wagate vibrational state populations for the methyl radical, ow-
supported by the work of Babet al. who saw evidence for ing to the lack of information regarding the effects of predis-
long-lived CH,CO in the intensity dependent signal of sociation and Franck—Condon factors, were cited as a
CH,CO".*° Trentelman, however, found that the ¢Hag-  possible source of the discrepancy in regard to the Trentel-
ments probed using2l REMPI contained little internal ex- man data. Of course this observation necessitated a reassess-
citation and substantial translation enetgBoth statistical ment of the dissociation mechanism of acetone which was
and impulsive model predictions were compared to the exeharacterized by the authors as being fully stepwise, involv-
perimental results in an effort to discern the dissociation dying randomization sufficient to generate methyl radical frag-
namics. Statistical models were found to overestimatanents with neaprior distributions in vibrational energy.
gravely the partitioning of the available energy into £kt Despite the overlap of the two methyl radical transla-
bration while underestimating the translational energy of altional energy distributions, their cumulativ®E) still pro-
the fragments. The severe failure of the statistical modelsides insight into the partitioning of the available energy in
suggested that no randomization of the available energy othe dissociation process. The measuf&d) of 7.7+0.5
curs prior toeitherthe first or second C—C bond cleavage. Akcal/mole for each methylFig. 10 differs markedly from
modified impulsive modél*8was utilized in which the en- the (E;) of 10.5+1.9 kcal/mole reported by Trentelman
ergy available to all three asymptotic fragments was partiet al® The CH03 band origin, probed in that experiment,
tioned equivalently between the two C—C bonds and the disreflects the kinetic energy adnly the vibrationless methyl
sociation then treated as two independent impulses in tweadicals If a large fraction of the available energy resides in
center-of-mass reference frames that conserved momentuthe CH; fragments as Hall has suggest@dhen the transla-
It was assumed that following the first bond cleavage all thaional energy of the vibrationless methyl radicals is not rep-

B. Excitation at 193 nm
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resentative of the overall dissociation dynamics. It is not suraverage of-8 kcal/mole in translation anet12 kcal/mole to
prising, therefore, that our measur¢H;) is substantially internal excitation of the primary methyl. As a consequence
lower than the result of Trentelman. The average translathe acetyl radical fragment will contafl;,)~45 kcal/mole.
tional energy of the CO fragment, 4:8.5 kcal/mole, is also  Thus, the most relevant acetyl halide comparison is the dis-
considerably less than previously reportddFigure 12 sociation of acetyl iodide at 266 nm studied by Kroger and
shows a comparison between the deri(E;) from this  Riley where following primary dissociation the acetyl radi-
experiment and a Boltzmann distribution at 3000 K as sugeals have(E;,)~44 kcal/mole?®® Kroger and Riley observed
gested by the results of Trentelman. Although the peak of théorward—backward symmetry in the secondary decomposi-
two distributions are similar the 3000 K Boltzmann pos-tion products demonstrating the lifetime of the acetyl radical
sesses a larger high energy contribution. Assuming that thi be comparable to or longer than the rotational period. The
combined average rotational and vibrational energy of theesults of Kroger and Riley at a comparable internal energy
nascent CO fragments is9.0 kcal/molel’~*the total CH  of the acetyl radical intermediate to that of the 193 nm ac-
internal energy content can be obtained using our derivedtone dissociation suggest that the acetone data should be fit
average translational energies with a stepwise dissociation mechanism.

In order to fit the data at 193 nm with a stepwise mecha-
nism it is first necessary to assume a primB(E;) given
the following considerations. Although the GHragments
possess a high degree of internal excitation consistent with

As expected, our translational energies imply that thesubstan_tial redistribution of the available energy, the ove_rall
methyl fragments must contain appreciable internal excitafranslational energy release is clearly greater than predicted
tion. by a statistical, prior, distribution. In fact the overall transla-

Stepwise versus concertdfisufficient energy is depos- tional energy is not significantly different from the dissocia-
ited into a molecule to ensure the eventual cleavage of tw§on, involving the secondary decomposition of activated
bonds, the sequence of bond breaking is of fundament@cetyl radicals, at 248 nm. If the energy disposal at 193 nm
mechanistic importance. It is particularly intriguing in the follows the trend seen at 266 and 248 nm, then one would
case of chemically equivalent bonds. A salient question ireXpect statistical partitioning of the available energy super-
these systems is whether the bonds break icomcerted imposed onto the partitioning controlled by the two exit bar-
(synchronous or nonsynchrondus a stepwisemanner. Al- riers on the potential energy surface. Since the initial bond
though Dewdt! has provided a commonly used descriptioncleavage in acetone at 193 nm, following internal conver-
of each type of case, we adopt distinguishing definitionssion, eventually proceeds on the same potential energy sur-
more suited to our techniqiéThis involves rotation of the face as at 248 nm there is no reasmrpriori to expect a
intermediate as gauge for the time delay, and hence the coframatic difference in the dissociation dynamics. The asser-
relation between the first and second bond ruptures. Secontion of Trentelman that acetone containin®0 kcal/mole of
ary bond cleavage that occurs before the intermediate€Xcess energy in the excited state should be insensitive to
formed by the initial bond breaking, undergoes rotational~11 kcal/mole exit barrier is questionable since dissociation
averaging results in a strong correlation between the asympavolves intersystem crossing, via out-of-plane motion, in
totic velocity vectors of all three photofragments and is con-conjunction with sufficient energy in the C—C stretching co-
sidered aconcertedproces$? ordinate to surmount the barrier. We therefore assume a pri-

An information theoretic approach to examine the corredmary P(E;) at 193 nm based on the primary translational
lation in molecular photodissociation predicted, using the exenergy distributions measured for acetone at 266 and 248 nm
perimental data, that acetone dissociation was intermediaglitably adjusted to the available energy. The resultant step-
between concerted and stepwise mechanfériviore recent  wise fits to them/e=15 andm/e=28 TOF spectra are shown
calculationd® have removed an overly severe approximationin Fig. 13. The primanP(E+) is peaked at 16 kcal/mole and
in the original calculations. The revised analysis was founds shown as the solid line in Fig. 14. The TOF data was then
to be consistent with a loss of angular correlation betweersuccessfully fit with a forward/backward secondary distribu-
the asymptotic velocity vectors of the Glftagments, corre- tion (shown in the insert in Fig. 34and a secondarf? (E+)
sponding to complete rotational averaging in the second digpeaked at 6 kcal/mole and shown as the dashed line in Fig.
sociation step. There is also experimental support for a stef@#4. The fit to the data was found to be sensitive to both the
wise dissociation at 193 nm. As discussed earlier, previoushape of the secondafy(E;) and the secondary angular
PTS studies of acetyl halides have demonstrated forwarddistribution. The successful fitting of the data in this way,
backward symmetry in the secondary angular distribution aspecifically the use of the near identical secondB(¥)
various average internal energies of the primary acetyl radiand the forward/backward@(6) used to fit the data at 248
cal photoproduct. Acetyl chloride and acetyl bromide disso-nm, provides strong evidence of a stepwise dissociation for
ciated at 248 nm result in an average internal energy in thacetone at 193 nm.
primary acetyl radical of 24 and 33 kcal/mole, respectively,  Model of the dissociation dynamick1 order to test fur-
and in both cases rotational averaging of the acetyl radicaher the validity of a stepwise mechanism and obtain infor-
precedes secondary decompositigtig. 8). In light of the  mation concerning the disposal of the internal energy we
results of the previous sectigepecifically Eq.(8)] the pri-  have applied a dynamical model to the dissociation of ac-
mary dissociation of acetone at 193 nm will likely release aretone at 193 nm. The nature of the dissociation requires a

Eint( CHs) = Eyai— {2[ E1(CHg) ]+ E1(CO) + E;n(CO)},

(8)
Ein(CHs)=52.8—{15.4+4.8+9.0}=23.6 kcal/mole.
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getic quantities in the barrier impulsive model.

FIG. 13. TOF spectra at 193 nm ¢ m/e=15 (CH3) and (b) m/e=28
(CO") at 35°. The open circles are the data. The contributiorig)iare CH ) ) . )
from reaction(1) (dotted ling and CH, from reaction(2) (dashed ling In  calizedrelease of the potential energy from the exit barrier

(b) the solid line is CO from reactiot2). TheP(Ey)'s andT(f) used inthe  can be adequately described by the impulsive model. The
forward convolution fits are shown in Fig. 14. remaining energyEStaYtOt), is then partitioned among the
productR, V, and T degrees of freedom according to a
model that reflects both the impulsive nature of reaction$iMmpPle statistical method. A schematic diagram illustrating
with large barriers to recombination as well as the statisticafn® division of the available energy is shown in Fig. 15. By
distribution of energy in excess of the barrier height. ThePartitioning the energy in this way the model reduces to the
present treatment represents a simple extension of the imp[1PulSive model at the dissociation threshold and to a sim-
sive and statistical models that are currently employed. plified s.tat|st|cal model in the absence of a barrier. Further-
The barrier impulsive modéBIM) is conceptually very more, since the trgn_slayonal energy of the prqducts from the
simple. The total available energy is divided into two “en- |mpuIS|ye reservoir 1S fixed by the barr_ler height, the tOt,al,
ergy reservoirs,” one which is denotestatistical and the translatlpna! energy increases Wlth' available energy statisti-
otherimpulsive cally which is consistent with experimental observation. The
_ impulsive reservoir can be partitioned among the fragment
Eavail tot) = E**(tot) + E™P(tot). (9 degrees of freedom according to either the soft or the rigid
The energy content of the first reservoE™(tot), is fragment models. The _statistical _res_ervoir is partitioned as-
chosen to be the height of the exit barrier and it is assume8UMing that the energy is freely distributed amongpagent
that once the molecule is beyond the transition statdghe Modes up to the transition state. These vibrational modes are
divided into three overlapping ensembles from which the
statistical contributions to produd, V, and T are calcu-
. . . . lated. The average energies from each reservoir, which inde-

0.05 + \ : in treating the impulsive reservoirThe impulse was as-

' sumed to be through th€;, symmetry axis of the CH
; '\ group and therefore, resulted in no Ctétational excitation.
O'OOO 10 20 30 40 50 The statistical reservoir was partitioned using ground state
Translational Energy (kcal/mole) acetone vibrational frequencies as an approximation to those
of the 13(n,#*) excited staté® Of the 24 modes of acetone,
FIG. 14. Center-of-mass primary and secondary translational energy distriE—.S disappear upon dissociation, evolving into product trjanSla_
butions derived from fitting then/e=15 andm/e=28 TOF spectra shown 10N and rotation. Two of these modes, the symmetric and
in Fig. 13. The inset shows the secondary angular distribution. antisymmetric C—C stretch, were assigned to the translation

. 100 pendently conserve linear and angular momentum, are com-
o bined to obtain the final averad® V, andT energies of the

> 075 - i
5 015F - § U - products. A more detailed description of the model is pro-
= 2T ] vided in the Appendix.
5 gy & ek 1 For the impulsive reservoir of the BIM, a barrier height
: 0.10 - 0.00 ————t—0 1 of 13.2 kcal/mole was used based on the measurements of
g . C. M. Angle (deg) Zuckermannet al® A nonplanar dissociative geometry con-
Z
[}
0
o]
1 9
o

po sistent with the geometry of the transition state was utilized

J. Chem. Phys., Vol. 102, No. 11, 15 March 1995



North et al.: Dissociation dynamics in acetone 4457

ensemble. Two methyl rocking modes, a methyl torsion, ancveraging in the second step. Consequently, the dissociation
the C—-C-Cskeletal bend were assigned to the rotationaldynamics of acetone at 193 nm can be viewed as a simple
ensemble. The Beyer—Swinehart algorithm was used to caéxtension of the mechanisms that occur at both 266 and 248
culate the vibrational density of states for all ensemBles. nm giving credence to the notion that even modest exit bar-
The moments of inertia for the GBO fragment were deter- riers can greatly influence the partitioning of the available
mined from theab initio equilibrium geometry calculated by energy in photodissociation processes.

Baird and Kathpaf? Vibrational frequencies of the parent

were those used in the RRKM calculations of Watkins and

Word? The secondary bond cleavage assumed a total avaif\CKNOWLEDGMENTS

able energy equal to the average internal energy of the acetyl The authors gratefully acknowledge Dr. G. E. Hall and
fragment from the initial step minus the endothermicity of pr. A, G. Suits for many fruitful discussions. J.D.G. and
the reaction. An exit barrier height of 6 kcal/mole, derived s w.N. acknowledge H. Reisler, R. Harris, and W. H. Miller
from Ref. 13, was used for acetyl dissociation. for helpful discussions. This work was supported by the Di-
The results of the model and, for comparison, the averrector, Office of Energy Research, Office of Basic Energy
age translational energies of the photofragments derivedciences, Chemical Sciences Division of the U.S. Depart-

from the stepwise fitting procedure are shown in Table I. Thenent of Energy under Contract No. DE-ACO3-76SF00098.
predictions from the model are in good agreement with the

experimental results. This is not too surprising since the
translational energy release in each step closely matches tA&€PENDIX
corresponding exit barrier height. More interesting are the

of the barriers, the initial methyl possesses SUbStamia"ESSB,“S phase space theoryPST,%® and the prior

more internal excitation than the second. The total interna istribution*” The prior distribution and PST, which assume

energy in the methyl fragments according to the model 53 loose transition state, include only information regarding

26.6 keal/mole, Wh'Ch is consistent with the result; of Ha"the product states, without treating explicitly the vibrational
et al. but much higher than the 6.2 kcal/mole predicted bymodes of the parent molecule that develop asymptotically
the Trentelman model. into product rotation and translation. The SSE method as-
sumes that vibrations become adiabatic prior to rotations and
uses different ensembles to calculate the vibrational and ro-
At 248 nm (S;+S;) acetone dissociates to produce atational distributions. The basic assumption of our method of
methyl and acetyl radical. On average 120 kcal/mole is  partitioning the statistical reservoir is that the energy is dis-
observed in photofragment translation. The similarity of thistributed statistically in thgparentmolecule up to the transi-
value to the height of the exit barrier and its invariance whertion state. The breaking of the bond is viewed as an instan-
compared to excitation at longer wavelengths in the samé&neous event, which prevents any further rearrangement of
absorption band strongly suggests that the energy partitiorenergy. Following this reasoning, it makes sense to partition
ing, specifically the translational energy release, is mediatethe statistical energy intd, R, andV at the transition state
by the exit barrier on the potential energy surface. Of theusing information only from the parent, and not information
nascent acetyl radicals 3024% have sufficient internal en- from the products as in PST and the prior distribution. The
ergy to undergo secondary decomposition. An upper limit tanethod used to divide the statistical reservoir imtdR, and
the CH,CO barrier to dissociation has been determined to b&/ is very similar to the SSE procedure. Product vibrations
17.8+3.0 kcal/mole, in agreement with the #7 kcal/mole  can develop out of all parent vibrational modes, while prod-
value derived from the photodissociation of acetyl chloride.uct rotations and translations develop only out of those
The translational energy of the Glnd CO fragments aris- modes of the parent molecule that disappear during the
ing from the decomposition of the nascent acetyl radicals ig€ourse of the reaction.
consistent with the magnitude of the exit barrier. Three ensembles are utilized. The vibrational ensemble
Following excitation at 193 nm acetone was observed tancludes all vibrational modes of the parent and overlaps
dissociate exclusively into two methyl radicals and carborwith the other two ensembles. The rotational ensemble in-
monoxide. The average translational energies for the photaludes those disappearing modes that lead to rotational exci-
fragments were found to be considerably less than detetation of the products. These modes can include methyl tor-
mined previously, suggesting that a significant fraction of thesions, skeletal bends, etc. The third ensemble is a
available energy is partitioned into methyl internal excitationtranslational ensemble that includes modes that disappear
in agreement with the work of Hadlt al. A stepwise method into product translations. Identification of which modes be-
of analysis, using only slightly modified energy and anguladong in which ensemble can be a subtle matter for large
distributions analogous to those derived at 248 nm, was sug@arent molecules, but three basic rules can be easily applied:
cessful in fitting the experimental data. We, therefore, con- (1) parent torsions and skeletal bends go into the “rota-
clude that the mechanism of dissociation at 193 nm can b#donal” ensemble,
characterized as fully stepwise, involving substantial ran-  (2) parent skeletal stretches go into the “translational”
domization of the available energy and complete rotationaénsemble, and

V. CONCLUDING REMARKS
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(3) all parent vibrational modes go into the “vibrational” couple rotation and translation. Consequently, this results in
ensemble. an overestimation of photofragment rotation at the expense
Here we have made the rather severe assumption thaf translational energy. Although attempts can be made to
beyond the transition state bends and torsions evatlia-  correct this deficiency, we do not anticipate that this will
batically into product rotations. For torsions this approxima- significantly alter the average energy quantities.
tion is not unreasonable but for skeletal bends the impulsive  The statistical energy reservoir is partitioned into rota-
nature of the potential energy surface should effectivelytions in the following manner:

Estat

dEy S5 B dE; S5 BVTET dEg pp(Ey) pr(Er)pr(Er) S(ES@- Ey— E;— ER)E
Stas v fo T fo r PP(Ev)pr(ER)pT(ET) &( v ETr R ERr (A1)
Esmd Ev fo Y dEr fgStaLEViET dEgr PP(EV)pR(ER)PT(ET)‘S(EStm— Ev—Er—Eg) ,

wherepp, pr, andp; are the densities of states for tRe(paren}, R, andT ensembles of parent vibrational modes. The
ensemble is made up of all vibrational modes of the parent molecule. In the harmonic approximation, the densities of states can
be computed easily using the Beyer—Swinehart algorithm. The expressiofi;fdrand(E3®) are similar to the one for the
rotational energy that is given above.

Essentially, it is assumed that the energy above the barrier is going to be distributed statistically between the three
ensembles, where the ensemble for vibrations can sample from the other two ensembles. The statistics, and hence the energ
distribution, are governed by the vibrational frequencies of the parent as well as a judicious choice of modes for membership
in each ensemble.

Dividing (E3™®) between the two fragments is easily accomplished by conserving linear moment&:&hds similarly
partitioned by requiring conservation of angular momentum.

The only remaining difficulty is to divide the vibrational energy from the statistical reservoir between the two fragments.

It seems reasonable to view the impulse as an instantaneous event, so that the energy is frozen in the parent modes. The energ
in the modes that develop into fragment vibrations should then be assigned to the appropriate fragment. Identifying these
modes and obtaining their frequencies seems to be impossible for all but the simplest of molecules. By approximating the
frequencies of these modes at the transition state by the frequencies of the fragment modes themselves, one obtains the
following expression for the vibrational energy partitioned into fragmferitom the statistical reservoir:

E stat

f v dEAf Ea dEg PA(EA)PB(EB)5(EStat Ea—Eg)Ea

statA»
stat EA stat_
Ea f dEg PA(EA)PB(EB)5(E Ea—Eg)

, (A2)

where p, and pg are the vibrational densities of states of fragment model is intimately dependent on the choice of the

fragmentsA andB, respectively. dissociative geometry. Once the translational energy has
The impulsive reservoiiThe basic premise of the stan- been determined, the rotational energy of the fragments can

dard impulsive model is that all of the available energy isbe expressed in terms & "(tot)

released as a repulsion localized in the reaction

coordinate’’*For the present model, the available energy is EIMP(A) = EMP(tot) — A8 ( A) HaB (A6)

replaced with the height of the exit barrier. In the rigid frag- ’

ment limits the dissociation results in no vibrational excita-

tion of the fragments. The impulsive reservoir is therefore  gimp(g)=EMP(tot) M (A7)
partitioned only between fragment rotation and translation lg
E™P(tot) = EMMP(tot) + EIMP(A) + EMP(B), (A3 Thg two reseryoirs are then combined to give average
translational energies for the two fragments as follows:
. 1 Ja?  (Jp)?
EMP(t0) = 3 ungg+ ot S (A4) Er(A)=EF*(A)+ETR(A), (A8)
2 2l 2lg
t
whereg is the relative velocity oA andB. Since the disso- Er(B)=ET*(B)+ET(B). (A9)
ciation must conserve angular momentunitially assumed Similar equations are used for rotational and vibrational

to be zerg the translational energy is constrained as follows: ‘energies.

E™P(tot) Test case: Acetic acid'he present model was also used
, (Ab) to compare predicted energy partitioning with experimental
+ 2 + 2 ( : ) -, A
LHI(ba) sas/lal+(Pe) pap/le] results in the photodissociation of acetic acid at 218 and 200
whereb, andbg are the exit impact parameters. Hence, thenm*34°Both wavelengths involv&(n,7*) excitation but dif-
translational energy of the products predicted by the rigider by ~12 kcal/mole in the energy available for dissocia-

Imp( tot) =
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TABLE II. Product energy partitioning for acetic acid photodissociation at 8J. Solomon, C. Jonah, P. Chandra, and R. Bersohn, J. Phys. GBem.
200 and 218 nm. 1908(1972.

9K. W. Watkins and W. M. Word, Int. J. Chem. Kine8, 855 (1974.
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