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Evidence for Stepwise Dissociation Dynamics of Acetone at
248 nm and 193 nm

Simon W. North, David A. Blank, J. Daniel Gezelter, Cheryl A. Longfellow, and Yuan T. Lee
.Chemical Sciences Division, Lawrence Berkeley Laboratory, and
Department of Chemistry, University of California, Berkeley, California, 94720,
‘ USA

The technique of molecular beam photofragment translational spectros-
copy has been used to study the dissociation of acetone following S;«<S
(248 nm) and S,¢-S; (193 nm) excitation. Excitation at 248 nm resulted in
the production of CH3 and CH3CO with 14.2+1.0 kcal/mole on average of
the available energy appearing as translation of the photofragments. Com-
parison of the measured <Ep> 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 fraction
(3024%) of the nascent acetyl radicals from the primary dissociation con-
tain sufficient energy to undergo spontaneous secondary decomposition.
From the onset of the truncation of the CH3;CO P(ET) a threshold of
17.843.0 kcal/mole for the dissociation of the acetyl radical has been deter-
mined in agreement with recent results on the photodissociation of acetyl
chloride. The translational energy release in the dissociation of CH;CO
closely matches the experimentally determined exit barrier. At 193 nm the
only observed dissociation pathway was the formation of two methyl radi-
cals and carbon monoxide. On average ~38% of the available energy is
found in product translation suggesting that significant internal energy
resides in the nascent CH; fragments consistent with the results of Hall et
al. (J. Chem. Phys., 94, 4182 (1991)). We conclude that the dynamics and
energy partitioning for dissociation at 193 nm is similar to that at 248 nm.

I. Introduction

Acetone, the simplest ketone, has been used a a model system for understanding the rich
photochemistry of thlS entire class of carbonyl compounds. Photolysis proceeding via a-bond
- cleavage (Norrish type I) is the most studied of the photochemical processes. At sufficiently high
excitation energies acetone represents a prototypical three body dissociation process involving the
cleavage of two identical chemical bonds. Of dynamical interest is the extent to which the two
bond breaking steps are energetically and temporally coupled. The existence of spectroscopic
methodblogy for probing the photofragments has resulted in the extraction of considerable infor-

mation concerning the nascent energy distributions of the products. However, despite numerous



Introduction

recent studies on the photodissociation dynamics of acetone, the sequence of events leading to the
three asymptotically separated fragments is still largely unresolved. The present experiments were
pursued in order to further clarify the gas phase UV photodissociation dynamics of acetone.

| The first absorption band in acetone centered at ~260 nm corresponds to an T*¢n
(S,<Sp transition.! This involves promotion of a non-bonding electron on the oxygen to an anti-
bonding orbital localized on the carbonyl moiety. Within thisv wavelength region acetone dissoci-

ates to yield methyl and acetyl radicals?,

CH,COCH, - CH,CO + CH, - )

The initial excitation is to the A~ adiabatic potential energy surface which is bound along
the C-C coordinate. Bond cleavage can occur by either internal conversion or intersystem cross-
ing to the C; 360* configuration via out-of-plane motion.>* Excited state dissociation then pro-
ceeds over a small barrier caused by an avoided crossing on the Ty surface. The barﬁer height has
been measured by Zuckermann et al. who observed a pronounced decrease in the fluorescence
emission at 305.8 nm. This corresponded to a barrier for dissociation of 93.4 kcal/mple above the
ground _state.s Hancock and Wilson used photofragment translational spectroscopy (PTS) to
examine the photodissociation dynamics at 266 nm and found that 13.9 kca]/moie on avéragé of
the a;vailable energy appeared as product translation.® Waits et al. measured the translational
energy of the vibrationless CHj3 radicals by 2+1 resohance enhanced multiphoton jonization
- (REMPI) ionization/time-of-flight mass spectrometry and obtained a similar <Ep> value.” The
large fraction of ehergy partitioned into translation of the photofragments was attributed by both
groups to a barrier in the exit channel. The similarity between the observed translational energy
release and the barrier height of 13.2 kcal/mole determined by Zuckermann er al. suggested that
the dissociation proceeds on the T surface. The sp‘atial distribution of the photofragments in both
studies®’ was found to be isotropic, contrary to the work of Solomon et al. who observed anisot-

ropy in the dissociation.8
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The spontaneous decomposition of the acetyl radical is possible if its internal energy

exceeds the barrier to dissociation,

CH,CO - CH, +CO | 2

Kinetics studies of CH3 addition to CO yielded a CH3CO barrier to dissociation of
17.240.5 kcal/mole.® A number of other kinetic studies have obtained values ranging from 11.1to
- 21.7 keal/mole. ! In a more direct experiment Gandini and Hackett determined a barrier height of
20.3 kcal/mole from bbserving the CO (AMT—X1Z+) resonance fluorescence produced from ace-
tone dissociation at 330-250 nm.!! Deshmukh and Hess have detected C1(*Pj) and CHj; photo-
products by 2+1 REMPI arising from the 236 nm dissociation of acetyl chloride.!? The quantum
yield of CH3 from CH3;CO decomposition was estimated ét Dc3=28% although no barrier
height was given. Recent PTS studies in our laboratory on acetyl chloride photodissociation at
248 nm showed that ~35% of the acetyl radical fragments underwent secondary decomposition.13
The barrier height to CH;CO dissociation was determined to be 1741 kcal which is consistent
with the result of Watkins and Word. |

The second absorption band (Sp«—Sg) in acetone results from an 3s «<n Rydberg excita- -
tion. The S; state is predissociative, coupling to the {S,T1} state via skeletal bends and CHj3 tor-
sion.14.15 Figure 1 shows a schematic energy level diagram for the photodissociation of acetone.

Pilling and co-workers have shown by end product analysis that dissociation into two methyl rad-

icals and carbon monoxide,

CH,COCH; - CH;+CO + CH, (3)

accounts for >95% of the photolysis products.16 This observation, in addition to the large

absorption cross section at 193 nm demonstrated the potential of acetone as a clean source of



Introduction

methyl radicals for higher temperature kinetics studies. The first determination of the internal
state distribution of a nascent photofragment was obtained from time resolved infrared emission
of CO By Donaldson and Leone.!” The significant rotational excitation observed was attributed to
a stepwise dissociation mechanism. Excitation in the CH3 v3 vibration was also monitored and
showed evidence for at least 1 methyl possessing substantial vibrational energy. Woodbridge et al.
subsequently measured the CO distributions with higher resolution and concluded that the rota-
tional temperature was slightly greater than observed by Donaldson(~3360 K).3mna comprehen-
sive study, Trentelman et al. measured the ro-vibrational and translational energy of all the
photofragments.19 The CO distributions weré obtained using rotationally resolved VUV laser-
induced fluorescence (AlIT«X1X+) excitation 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 ro-vibronic transitions. Line widths of 0.5-0.6 cm-! were attributed to a
center-of-mass velocity of 1600 m/s and a kinetic energy of 8.6+1.0 kcal/mole. The methy] frag-
 ments were probed via 2+1 REMPI through the 3p2A2 “¢2p2A;* transition and observed to be
vibrétionally cold (76% in v=0) with most of the vibrational energy in the vo mode. Using the
pulsed field extraction time-of-flight technique, Trentelman et al. measured the translational
energy of the CH3 0, band to be 10.532 kcal/mole. The translational energy distributions for both
methyl radicals were found to be indistinguishable. The low internal enefgy content of the methyl
fragments was interpreted by Trentelman as evidence for a dissociation which occurred prior to
randomization of the available energy.19 Recent diode laser absorption/gain experiments on the
193 nm photolysis of acetone-dg by Hall ez al. siggest, however, fhat the vibrational energy exci-
tation of the nascent methyl radicals is significantly higher.20 A stepwise dissociation involving
almost complete randomization is consistent with the observed 6% population of CD3 photofrag-
ments formed in the vibrationless state. | |
By measuring the translational energy of all the photofragments averaged over all product
quantum states we hope to obtain a more complete picture of the dissociation dynamics. Photodis-

sociation at 248 nm represents an important extension of earlier work performed at 266 nm. The
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variation in the partitioning of available energy into product translation as a function of excitation
wavelength within the same absorption band can reveal much about the topology of the potenfial
energy surface. In addition, photodissociation at 248 nm presents the opportunity to extract addi-
tional evidence concerning the barrier height to CH3;CO decomposition as well as its unimolecu-
lar dissociation dynamics. In light of the recent disparate dissociation mechanisms proposed by
Hall and Trentelman, the photodissociation of acetone at 193 nm clearly warrants further investi-
‘gation. The translational energy distribution of the CH; photofragments following 193 nm
(S2¢-Sp) excitation have previously been measured for only the vibrationless methyl products. It
is our belief that a remeasurement of this particular degree of freedom is crucial to détermining

- the true partitioning of the available energy. : ¢

I1. Experimental

These measurements were carried out on a molecular beam apparatus with a fixed source
and a rotatable detector that has been adapted to perform photofragment translational spectros-
copy experiments.zl’22 For the majority of the experimental data acetone seeded in helium was
expanded using a pulsed valve?? (1.0 mm nozzle) with a Physik-Instrumente piezocrystal. The -
conditions of the molecular beam varied from 5%-20% acetone at stagnation pressures ranging
between 150-680 torr. An extension on the pulsed valve nozzle heated to 200°C significantly
reduced formation of clusters in the beam. A time-of-flight method was used with a spinning slot-
ted wheel to measure the velocity and velocity spread of the molecular beam. An appropriate time
delay between the wheel and the pulsed valve ensured accurate sampling of the region of the
pulse that was irradiated.

The resulting collimated pulsed beam was crossed at 90° with the output of a Lambda
Physik EMG 202 MSC excimer laser operating at the ArF (193.3 nm) and KrF (248.5 nm) transi-
tions. The laser fluence at both wavelengths was typically 40-160 mJ/cm?. The neutral photofrag-
ments recoiled 20.8 cm where they were ionized by electron bombardment, mass selected using a
quadrupole mass spectrometer, and counted with a Daly ion detector. A computer interfaced

multi-channel scaler, triggered from the laser pulse, was used to collect and store the data. Polar-
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ization of the laser was achieved with 10 quartz plates at Brewster's angle with respect to the
direction of laser propagation. The resulting >95% polarized light could then be rotated by ddjust-
" ing the orientation of the polarizer. |

The data was fit usir;g an iterative forward convolution technique that has been previously
described.24.25 Briefly, a center-of-mass translational energy distribution is chosén, convoluted
with the instrument response functions and transformed into laboratory time-of-flight spectra. The
calculated TOF is then compared to the experimental TOF and the translational energy distribu-

tion is iteratively adjusted until a satisfactory fit is obtained.

- IIL. Results and Analysis
A. Excitation at 248 nm

Product time-of-flight data was collected for m/e=15 (CH3*), m/e=28 (CO*), and m/e=43
(CH3CO) at detector angles ranging from 15° to 55° from the molecular beam. Subtraction of
the laser-off spectra from the laser-on spectra was performed on all time-of-flight spectré. The m/
e=15 TOF spectra shown in Figufe 2 consists of three components; methyl radicals and acetyl
radicals from reaction 1 and secondary methyl fadicals from reaction 2.

The fast peak at ~60 psec in Fig. 2 corresponds to methyl radicals from reaction 1. Thé
energy available to be partitioned between the degrees of freedom of the primary photofragments
is given by the following expression, |

E E,,-D,(CH,CO-CH,) +E,, = )

avail =

where Epy is the photon energy (115 kcal/mole), Do(CH3CO-CH3) is the bond dissocia-
tion energy of 83.7 kcal/mole26 and Ejy, is the internal energy of the parént molecule. The vibra-
tional energy content of acetone at room temperature is estimated to be ~1.5 kcal/mole based on

the known vibrational frequencies.2” Most of this excitation should involve the low frequency

modes, skeletal bends and methyl torsions, which are expected to undergo partial or complete
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relaxation in the supersonic expansion. Assuming that the internal energy of the parent is negligi-
ble, thg'ava.i]able energy is 31.3 kcal/mole following C-C bond cleavage. The total center-of-mass
translational energy distribution for reaction 1 which was derived from fitting the fast component
in Figure 2 is shown by the solid line in Figure 3. The P(ET) has an average value of 14.2+1.0
kcal/mole and a full width at half maximurﬁ (FWHM) of ~12 kcal/mole corresponding to an aver-
age of 45% of the aQailable energy appearing as product translational energy. ‘

At longer times (~130 psec) in Figure 2 is a peak from dissociatjvely ionized CH3CO.
Since the acetyl radical is the momentum matched fragment of the primary methyl it should share
the same P(ET). However, the slow component is noticeably absent from the TOF profile. This is
more evident in the m/e=43 (CH3CO%) TOF spectra shown in Figure 4. By conservation of
energy, the smaller the translational energy of the photofragments the greater their internal excita-
tion. When the internal energy exceeds the barrier to dissociation of CH3CO these radicals fail to
persist long enough to reach the detector. This resulting truncation of the low energy CH3CO rad-
icals is illustrated in the center of mass velocity distributions of Figure 5. A dotted line that starts
to deviate from the CH; P(Et) in Figure 3 at ~12 kcal/mole marks the truncation of the low
energy éide of the CH3CO P(ET). The m/e=43 spectrum at 25° was used to fit the slow portion of
the CH3CO P(ET) and Yields a reasonable fit to the slow component in the m/e=15 TOF spectra
(Figure 4). Based on the relative integrated area of the truncated region to the entire primary
P(ET) an estimate of the fraction of acetyl radicals that undergo secondary dissociation can be
obtained.‘ This gives a value of 30+4% which is in good agreement with the CO quantum yield of
0.35 determined at 250 nm by Gandini and Hackett.!! The uncertainty reflects our measure of
confidence in fitting the slow side of the m/e=43 peak in the TOF spectra.

The m/e=43 TOF spectra for vertical and horizontal linear polarization of the photolysis
laser showed no difference in intenéity. The acetyl radical fragment was monitored because the
TOF ﬂi-ght spectra have only a single component and superior signal-to-noise compared to m/
e=15. The absence of any correlation between the fragments recoil and the angle of laser polariza-

tion is consistent with the findings of references 6 and 7 but contrary to the anisotropy reported in
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ref. 8. An anisotropy parameter2® of f=0 was used to fit the entire set of experimental data.

The last component of the m/e=1§ TOF in Figure 2 is a broad underlying feature due to
methyls from the secondary decomposition of acetyl radicals (reaction 2). Since this feature arises
from acetyl radicals that are absent from the total P(ET) for reaction 1, the primary distribution of
CH3CO translational energies was obtained by subtracting the CH3CO P(ET) from the true priQ
mary P(Et) used to fit the CHj radicals from the initial bond cleavage step. In order to fit the
apparent bimodal shape in the TOF, a forward-backward symmetric secondary angular distribu-
tion, T(0), was used, consistent with the fated acetyl radicals persisting for longer than their rota-
tional period.2% The secohdary angular distribution is shown in Figure 6. The fits to the secondary
components of the TOF spectra were reasonébly sensitive to both the secondary P(ET) and T(6).
Provided that the forward-backward symmetry, peaking along the poles, of T(8) was maintained
and the secondary P(ET) was peaked ~5-7 kcal/mole away from zero, reasonable fits to the data
could be achieved. We, therefore, adopted a simple model in which the primary and secondary
P(ET)'s were decoupled but constrained to conserve the available energy. This resulted in appro-
priate truncation of the secondary P(ET) when required. The best fit was obtained with a broad
gaussian secondary P(ET) with a most probable value that closely matched the experimental exit
barrier height (~6 kcal/mole).%-13 Figure 7 shows the m/e=28 (CO™) TOF spectrum at a laboratory
angle of 35°. The spectrum contains contributions from primary acetyl fraginents and CO from
reaction 2. The secondary T(8) and P(Et), derived from acetone dissociation, were also used with
orily slight modification to fit successfully the CH; TOF spectra arising from the 'secondary
CH;CO decomposition in the photodissociation of CH3COC113 and CH3COBI’30 at 248 nm as
shown in Figure 8. The insets of Figure 8 show the primary translational energy distributions
derived from fitting the respective halogen atoms.

The intensity of all detected fragments from acetone photodissociation varied linearly

with laser power indicating that the observed processes involve a single photon.

B. Excitation at 193 nm
Time-of-flight spectra for m/e=15 and m/e=28 were collected at detector angles ranging
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from 15° to 55°. Signal was not observed at m/e=43, the parent mass of the acetyl radical.
Although CH3CO couid dissociatively ionize to lower masses, there was no evidence for acetyl at
its daughter masses. TOF spectra were also measured at several other masses that would corre-
spond to the products from the following proposed minor channels in the 193 nm photolysis of

acetone.16

' CH,COCH,— CH, + CH,CO ®)

CH,COCH, — H + CH,COCH,
' (6)

No photodissociation signal was detected at m/e=16 (CHs*) or m/e=42 (CH,CO%) that
would érise from reaction 5. In order to ascertain the importance of reaction 6 the experimental
apparatus was modified to facilitate the detection of hydrogen atoms.>! The only single photon
laser dependent signal observed at m/e=1 was due to methyl radicals from reaction 3 that had dis-
Sociatively ionized.32 Although reactions 5 and 6 may still be occurring at levels bélow the limit
of our detection they are minor channels.

Time-of-flight data for m/e=15 at laboratory angles of 20°, 35° and 50° are shown in Fig-
ure 9. The observation of only a single peak in the TOF spectra is consistent with the indistin-
guishability of the velocity distributions reported by Trentelman. 19 If the single peak is the result
of methyls originating from a synchronous three-body dissociation then, since the methyl radicals
are ideﬂﬁcal, the treatment of the data is straightforward. A method for the analysis of a synchro-
nous dissociation was recently developed for the study of s-tetrazine and a thorough description
of the method is presented therein.33 Briefly, the .experimental data is analyzed by the same for-
ward convolution technique used to fit two-body dissociations but with several important differ-
ences. First, an energy independent set of most.probable angles between the asymptotic velocity
vectors is chosen. Gaussian functions descfibe the spread about these angles and a total transla-

tional energy distribution is assumed. All three are then iteratively adjusted until a satisfactory fit
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to the data is obtained. The present data could nof be fit in this manner by constraining the disso-l
ciation to be symmetric about the two C-C-O angles.34 This suggests that a non-synchronous dis-
sociation with overlapping CH3 distributions is more probable than a synchronous one. This is
consistent with the high degree of CO rotation observed prcviously.”'19 Since the dissociation is
non-synchronous, involving two impulses separated by a finite time interval, the inability to
resolve the two methyl radicals makes a unique determinatioﬁ of the translational energy distribu-
tions from each step impossible.

The least biased approach to fitting the methyl TOF spectra involves obtaining the inde-
pendent fragment P(ET) for the methyl radical in the acetone center-of-mass. Figure 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 fragment (m/e=28) TOF spectra at laboratory angles 35° and 50° are shown in Figure 11. In a
similar fashion the CO P(ET) can be derived (Figure 12) and has an average value of 4.84+0.5 kcal/
mole.

Polarization measurements were performed at both m/e=15 and m/e=28. The m/e=15
spectra exhibited no variation in eitt;er intensity or shape with the change of laser polarization.
Since the Single péak in the TOF spectra is a composite of methyl fragments from both the first
and second bond cleavages, the ability to rheasure a small degree of anisotropy in the initial disso-
ciation step is dubious. However, the lack of any apparent polarization dependence suggests that

if the dissociation is not completely isotropic the anisotropy parameter is negligibly small.

IV. Discussion
A. Excitation at 248 nm |

Primary Dissociation: The large fraction of available energy that is found in product
translation for reaction 1 is not indicative'of typical simple bond rupture via a loose transition
state.35 In that case, the translational energy would reflect the statistical partitioning of available
energy into the reaction coordinate and produce a distribution peaked close to zero. The prepon-

derance of energy that appears as fragment recoil could have several origins. Incomplete random-

10
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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 I(n,mt*)
lifetime at 260 nm of 1 ns measured by Breuer and Lee.3® A limiting, impulsive model for pre-
dicting the disposal of available energy between the translation and internal motion of the photof-
ragments has been presented for triatomics by Busch and Wilson.3” A generalization of the model
to treat polyatomics has been developed by Tuck.33 The impulsive approximation assumes that all
of the available energy appears in the dissociative coordinate as repulsion 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 accordance with classical kinematics.
The impulsive model predicts that 54%/of the available energy should appear as fragment transla-
tion. Interestingly, the <E > reported here (14.2£1.0 kcal/mole) is very similar to the <ET>' val-
- ues determined at 266 nm (13.9 kcal/mole) despite a difference of ca. 8 kcal/mole in the available
energy. -Since the energy partitioning in the impulsive model is based solely on mass factors, the
fraction of the available energy in translation should be invariant with respect to the excitation
energy. The agreement between the impulsive model and the experimental translational energy
release at 266 nm is therefore fortuitous. The insensitivity of the photofragment translation to the
excitation energy suggests that the dissociation dynamics are mediated by the substantial exit bar-
rier on fhe potential energy surface. The origin of this barrier is an avoided crossing on the T; sur-
face which is reached via ISC from the excited S; state. If IVR occurs prior to dissociation, as
implied by the excited state lifetime of ~1 ns, then the translational energy release will be domi-
nated by the repulsive forces acting beyond the transition state rather than the magnitude of the
available energy. Dissociation will occur when sufficient energy, which is statistically redistrib-
uted among the vibrational modes of the parent, flows into the reaction coordinate to overcome
the barrier on the potential éner’gy surface. Photofragment translation, therefore, increases with
available energy in proportion to the probability of finding excess enefgy in the reaction coordi-
nate. This dependence is small, affecting mostly the width of the energy distribution, in compari-

son to the large translational energy release originating from the exit barrier.

11
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There afe many reasons why the photodissociation of a polyatomic molecule would lead
to an isotropic spatial distribution of. the. fragments. Several of these have been discussed in
regards to l(n,7t"‘) excited acetone.® If the dissociation is less than prompt, the correlation between
the direction on the electric dipole moment (L) and the relative velocity vector (v) of the photof-
ragments will be diminished by parent rotation. Once the lifetime of the excited acetone exceeds
several rotational periods then the angular distribution wili approach isotropic. Given the ~1 nsec
lifetime of the S, state, rotation prior to dissociation appears to be a plausible explanation for the
lack of observed spatial anisotropy.

Secondary Dissociation: Photofragment translational spectroscopy has been success-
ful in deternﬁning the energetics of radical decomposition by comparing the time-of-flight spectra
for a radical photofragment and its momentum matched partner. This has been demonstrated by
Minton et al. in determining the exothermicity of C;H4Cl dissociation®® and more recently has
been applied to the case of the acetyl radical .1 Although the acetyl radical can undergo secondary
dissociation, the primary methyl radical can not. The truncation of the CH3CO P(ET) represents
the maximum product internal energy at which the CH3CO is stable. If Eyy,;,) denotes the value
corresponding to the onset of truncation then the barrier to CH3CO dissociation can be calculated
from the following expression:

E, (CH;-CO) = E,,-D, (CH3C0 -CH;) - ET(min) =E,.—E

=313-135
E, .. (CH,—CO) =17.8%+3.0 kcal/mole

T (min) (7)

It is assumed that acetone, following supersonic expansion, possesses negligible internal
energy. RRKM calculations indicate that acetyl radicals with 0.1 kcal/mole in excess of the baf-
rier to dissociation have a lifetime of ~5x10™'%, far shorter than the ~1x10”s flight time to the
detector. Consequently the uncertainty introduced by the detection of acetyl radicals at energies

" just above the CH3CO threshold to dissociation is minor. There are several factors that contribute

12
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to the less-than-abrupt truncation of the CH3CO P(Er). The first is that a fraction of the product
~ internal excitation can be partitioned into the methyl radical fragment. A detailed déterrnination
of the nascent ro-vibrational distributions of the methyl :adical products has not been done at 248
nm although experiments at 266 nm have shown minor CH3 excitation in the out-of-plane mode.”
As a consequence, some internal energy above the threshold for CH;CO stability can be accom-
modated by the CHj partner fragment. As' some of the available enefgy is partitioned into the
internal degrees of freedom in the methyl fragment, the truncation will become more gfadual.
However, as long as a non-negligible quantity of internally cold CHj is produced, the onset of the
truncatipn will still reflect the barrier height to CH3CO dissociation. Another effect that may
result in an overestimation of Ej,;,(CH3-CO) is rotational metastability of the CH3CO fragment.
From consideration of the non-planar acetone transition state geometry, the acetyl fragment
should contain ~1 kcal/mole of rotational energy. The angular momentum will be projected pre-
dominantiy along the C-C bond and therefore most of this energy will be unavailable to couple
into the reaction coordinate. A severe example of this effect was observed in the dissociation of
bromoethanol by Hintsa et al. which, following initial C-Br bond cleavage, produces a highly
rotationally excited C,H4OH radical that could be detected despite containing internal energy in
excess of its barrier to dissocielltion.29d The barrier height of 17.8+3.0 kcal/mole should, therefore,
be viewed as an upper iimit. Since none of these factors are present in the photodissociation of
acetyl chloride, the 17%1 kcal/mole value obtained in that experiment is more reliable.

The secondary T(6) and P(Et) derived from fitting the m/e=15 and m/e=28 TOF spectra
provide a detailed measure of the dissociation dynamics of the acetyl radical. In order for the sec-
ondary angular distribution of a long-lived complex to be justified the lifetime of the acetyl radi-
cals that dissociate would need to be longer than their respective rotational periods. Treating the
CH3CO as rigid, its rotational excitation can be calculated based on the exit impact parameter
derived from the dissociative geometry and the most probable recoil velocity of the primary frag-
ments. A non-planar dissociation, consistent with the geometry of the transition state?, predicts a

rotational period of <1 ps. RRKM calculations were performed using the vibrational frequencies

13
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of the radical and activated complex given by Watkins and Word.® Given an average internal
energy of 24 kcal/mole for those CH3CO radicals that decompose and our experimentally deter-
mined barrier height of 17.8 kcal/mole, a lifetime of ~10 ps is predicted which is longer than the
rotational period. The present observatiops are also consistent with long-lived CH3CO seen in the-

2% where the rotational excitation of the acetyl radical should

photodissociation of acetyl iodide
be considerably less since the dissociation geometry is planar. In addition, the nascent CH3CO
radicals from acetyl iodide photodissociation contain ~45 kcal/mole of internal energy and |
should, therefore, possess much shorter lifetimes.

The remarkable similarity between the average translational energy of the secondary step
and the exit barrier to CH3CO decomposition suggests that the dissociation dynamics of the radi-
cal are analogous to the initial C-C bond cleavage in acetone, i.e. the energy partitioned into trans-
lation is determined by the repulsive forces acting in the exit channel. Further evidence to support
this claim rests in the nearly identical secondary P(Er) required to fit the CH; and CO fragments
from CH3CO decomposition in the photodissocia}ion of acetyl chloride and acetyl bromide

despite the significantly different vibrational energy content of the nascent acetyl radical photof-

ragments.

B. Excitation at 193 nm ,
Energy Partitioning: Complementary product state distributions of the photofragments

arising from acetone photodissociation at 193 nm have provided valuable insight into the dynam-
ics of the bond breaking process. Donaldson'’, and later Woodbridgelg, both concluded that a
non-syrichronous dissociation was necessary to account for the angular momentum reflected in
the highly excited CO rotational distributions. Measurement of the v; emission froni the nascent
CH,; fragments by Donaldson suggested that at least one of the methyl radicals possessed signifi-
cant vibrational energy. Based on these two observations Donaldson proposed that the dissocia-
tion was a two-step process although the time scale between C-C bond cleavages could not be
unambiguously determined. A step-wise dissociation mechanism was supported by the work of

Baba er al. who saw evidence for long lived CH3CO in the intensity dependent signal of
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CH3CO*.40 Trentelman, however, found that the CHj; fragments probed using 2+1 REMPI con-
tained little internal excitation and substantial translation energy.!® Both statistical and impulsive
model predictions were comp‘ared to the experimental results in an effort to discern the dissocia-
tion dynamics. Statistical models were found to overestimate gravely the partitioning of the avail-
abie energy into CHj vibration while underestimating the translational energy of all the
fragments. The severe failure of the sfatisticail models suggested that no randomization of the
available energy occurs prior to either the first or second C-C bond cleavage. A modified impul-
sive model?78 was utilized in which the energy available to all three asymptotic fragments was
partitioned equivalently between the two C-C bonds and the dissociation then treated as two inde-
pendent impulses in two center-of-mass reference frames that conserved momentum. It was
assumed that following the first bond cleavage all the vibrational energy of the acetyl fragment
was coupled into the second C-C bond cleavage. Favorable agreement between the model and the
experimental results supported the conclusion that the dissociation involved almost no random-
ization 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 1.

Although the impulsive model was successful in matching the experimental data; the
energy partitioning observed by Trentelman, specifically the vibrational energy of the methyl
fragmems, was subsequently contfadicted by the results of Hall et al.?% Following the 193 nm
photolysis of acetone-dg in a gas flow cell, the time dependent increase in the vibrationless state
population was measured by absorption of the v, fundamental. A significant increase, consistent
with the time scale of vibrational relaxation, was observed and suggested that only 6% of CD;
radicals were formed in the v=0 state. It was concluded that the nascent methyl radicals are “pro-
duced in a large number of vibrational states with no strong preference for any particular vibra-
tional mode”.2% The shortcomings of REMPI for extracting accurate vibrational state populations
for the _methyl radical, owing to the lack of information regarding the effects of predissociatiqn

and Franck-Condon factors, was cited as a possible source of the discrepancy in regard to the
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Trentelman data. Of course this observation necessitated a reassessment of the dissociation mech-
anism of acetone which was characterized by the authors as being fully stepwise, involving ran-
domization sufficient to generate methyl radical vfragments with near prior distributions in
vibrational energy.

Despite the overlap of the two methyl radical translational energy distributions, their
cumulative P(ET) still provides insight into the partitioning of the available enérgy in the dissoci-
ation process. The measured <E> of 7.740.5 kcal/mole for each methyl (Figure 10) differs
markedly from the <E;> of 10.5%1.9 kcal/mole reported by Trentelman et al. 19 The CH3 0§ band
origin, f)robed in that experiment, reflects the kinetic energy of only the vibrationless methyl radi-
cals. If a large fraction of the available energy resides in the CHj fragments as Hall has
suggestedzo, then the translational energy of the vibrationless methyl radicals is not representativé
of the overall dissociation dynamics. It is not surprising, therefore, that our measured <Ep> is
substantially lower than the result of Trentelman. The average translational energy of the CO
fragment, 4.840.5 kcal/mole, is also considerably less than previously reported.19 Figure 12
shows a comparison between the derived P(Et) from this experiment and a Boltzmann distribu-
tion at 3000 K as suggested by the results of Trentelman. Although the peak of the two distribu-
tions are similar the 3000 K Boltzmann possesses a larger high energy contribution. Assuming
that the combined average rotational and vibrational energy of the nascent CO fragments is ~9.0
keal/mole! 719, the total CH; internal energy content can be obtained using our derived average

translational energies,
E,(CHy) =E, ;- {2(Ef(CHy)) +Er(CO) +E,,, (cOr  ®
E, (CH;) = 528 - {154+48+9.0} = 23.6 kcal/mole

As expected, our translational energies imply that the methyl fragments must contain

appreciable internal excitation.
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Stepwise vs. Concerted: If sufficient energy is deposited into a molecule to ensure the
eventual cleavage of two bonds, the sequence of bond breaking is of fundamental mechanistic
importance. It is particularly intriguing in the case of chemically equivalent bonds. A salient ques-
tion in these systems is whether the bonds break in a concerted (synchronous or non-synchro-
nous) or a stepwise manner. Although Dewar*! has provided a commonly used description of
each type of case, we adopt distinguishing definitions more suited to our technique.*> This
involves rotation of the intermediaté as gauge for the time .delay, and hence the correlation
between the first and second bond ruptures. Secondary bond cleavage that occurs before the inter-
mediate, formed by the initial bond breaking, undergoes rotational aQeraging results in a strong
correlation between the asymptotic velocity vectors of all three photofragments and is considered
a concerted process.22 | |

An information theoretic approach to examine the correlation in molecular photodissocia-
tion predicted, using the experimental data, that acetone dissociation was intermediate between |
concerted and stepwise mechanisms.*? More recent calculations?® have removed an overly severe
approximation in the original calculations. The revised analysis was found to be consistent with a
loss of angular correlation between the asymptotic velocity vectors of the CHj fragments, corre-
sponding to complete rotational averaging in the second dissociation step. There is also experi-
mental support for a stepwise dissociation at 193 nm. As discussed earlier, previous PTS studies
of acetyl halides have demonstrated forward-backward symmetry in the secondary angular distri-
bution at various average internal energies of the primary acetyl radical photoproduct. Acetyl
chloride and acetyl bromide dissociated at 248 nm result in an average internal energy in the pri-
mary acetyl radical of 24 and 33 kcal/mol respectively, and in both cases rotational averaging of
the acetyl radical precedes secondary decomposition (Figure 8). In light of the results of the previ-
ous section the primary dissociation of acetone at 193 nm will likely release an average of ~8
kcal/mol in translation and ~12 kcal/mol to internal excitation of the primary methyl. As a conse-
quence the acetyl radical fragment will contain <E;,,> ~ 45 kcal/mol. Thus, the most relevant

acetyl halide comparison is the dissociation of acetyl iodide at 266 nm studied by Kroger and
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Riley where following primary dissociation the acetyl radicals have <E;,,> ~ 44 kcal/mol.2%®
| Kroger and Riley observed forward-backward symmetry in the secondary decomposition prod-
ucts demonstrating the lifetime of the acetyl radical to be comparable to or longer than the rota-
tional period. The results of Kroger and Riley at a compmable internal energy of the acetyl radical
intermediate to that of the 193 nm acetone dissociation suggest that the acetone data should be fit
with a stepwise dissociation mechanism.
In order to fit the data at 193 nm with a stepwise mechanism it is first necessary to assume
a primary P(Ey) given the following considerations. Although the CH; fragments possess a high
- degree of internal excitation consistent with substantial redistribution of the available energy, the
overall franslatio_nal energy release is clearly greater than predicted by a statistical, prior, distribu-
tion. In fact the ovefall translational energy is not significantly different from the dissociation,
involving the secondary decomposition of activated acetyl radicéls, at 248 nm. If the energy dis-
posal at 193 nm follows the trend seen at 266 nm and 248 nm then one would expect statistical
partitioning of the available energy superimposed onto the partitioning controlled by the two exit
barriers on the potential energy surface. Since the initial bond cleavage in acetone at 193 nm, fol-
lowing internal conversion, eventually proceeds on the same potential energy surface as at 248
nm there is no reason a priori to expect a dramatic difference in the dissociation dynamics. The
assertion of Trentelman that acetone containing ~50 kcal/mole of excess energy in the excited
state sh;)uld be insensitive to ~11 kcal/mole exit barrier is questionable since dissociation involves
intersystem crossing, via out-of-plane motion, in conjunction with sufficient energy in the C-C
stretching coordinate to surmount the barrier. We therefore assume a primary P(E1) at 193 nm
based on the pﬁmary translational energy distributions measured for acetone at 266 nm and 248
nm suitably adjusted to the available energy. The resultant stepwise fits to the m/e=15 and m/e=28
TOF spectra are shown in Figure 13. The primary P(Ey) is peaked at 16 kcal/mol and is shown as
the solid line in Fig. 14. The TOF data was then successfully fit with a forward/backward se_éond-
ary distribution (shown in the insert in Figure 14) and a secondary P(Er) peaked at 6 kcal/mol and

shown as the dashed line in Fig. 14. The fit to the data was found to be sensitive to both the shape
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of the secondary P(Et) and the secondary angular distribution. The successful fitting of the data in
this way, specifically the use of the near identical secondary P(Er) and the forward/backward T()
used to.fit the data at 248 nm, provides strong evidence of a stepwise dissociation for acetone at
193 nm.

Model of the Dissociation Dynamics: In order to test further the validity of a step-
wise mechanism and obtain information concerning the disposal of the internal energy we have
applied a dynamical model to the dissociation of acetone at 193 nm. The nature of the dissociation
requires a model that reflects both the impulsive nature of reactions with large barriers to reéom—
bination as well as the statistical distribution of energy in excess of the barrier height. The present
treatment represents a simple extension of the impulsive and statistical models that are currently
employed.’ |

The barrier impulsive model (BIM) is conceptually very simple.. The total available
energy is divided into two “energy reservoirs”, one which is denoted statistical and the other

impulsive, -
Eavail (tot) = e (tor) + Eimp (tor) )

The energy content of the first reservoir, E™P(1o1), is chosen to be the height of the exit
barrier and it is assumed that once the molecule is beybnd the transition state the localized release
of the potential energy from the exit barrier can be adequately described by the impulsive model.
The remaining energy, E“*(tot), is then partitioned among the product R, V, and T degrees of
freedom according to a simple statistical method. A schematic diagram illustrating the division of
the available energy is shown in Figuré 15. By partitioning the energy in this way the model
reduces to the impulsive model at the dissociation threshold and to a simplified statistical model
in the absence of a barrier. Furthermore, since the translational energy of the products from the
impulsive reservoir is fixed by the barrier height, the total translational energy increases with

available energy statistically which is consistent with experimental observation. The impulsive
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reservoir can be partitioned among the fragmént degrees of freedom according to either the soft or
the rigid fragment models. The statistical resefvoir is partitioned assuming that the energy 1s
freely distributed among the parent modes up to the transition state. These vibrational modes are
divided into three overlapping ensembles from which the statistical contribuiions to product R,V,
and T are calculated. The average energies from each reservoir, which independently conserve
linear and ahgular momentum, are combined to obtain the final average R,V, and T energies of the

_ products. A moré detailed description of the model is provided in the appendix.

For the impulsive reservoir of the BIM, a barrier height of 13.2 kcal/mole was used based
on the measurements of Zuckermann et al.> A non-planar dissociative geometry consistent with
the geometry of the transition state was utilized in treating the impulsive reservoir.> The impulse
was. assumed to be through the Cs, symmetry axis of the CH3 group and therefore, resulted in no
CH; rotational excitation. The statistical reservoir was partitioned using ground state acetone
vibrational frequencies as an approximation to those of the 1’3(n,1t*) excited state.*> Of the 24
modes of acetone, 6 disappear upon dissociation, evolving into product translation and rotation.
Two of these modes, the symmetric and antisymmetric C-C stretch, were assigned to the transla-
tion ensemble. Two methyl rocking modes, a methyl torsion and the C-C-C skeletal bend were
assigned to the rotational ensemble. The Beyer-Swinehart algorithm was used to calculate the
vibrational density of states for all ensembles. The moments of inertia for the CH3CO fragment
were determmed from the ab initio equilibrium geometry calculated by Baird and Kathpal. 44
V1brat10nal frequencies of the parent were those used in the RRKM calculatlons of Watkins and
Word.” The secondary bond cleavage assumed a total available energy equal to the average inter-
nal energy of the acetyl fragmenf from the initial step minus the endothermicity of the reaction.
An exit barrier height of 6 kcal/mole, derived from ref 13, was used for acetyl dissociation. |

The results of the model and, for comparison, the average translational energies of the
photofragments‘ derived from the stepwise fitting procedure are shown in Table 1. The 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 the corresponding exit barrier
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height.- More interesting are the calculated average internal energies which show that, assuming
the complete randomization of available energy in excess of the barriers, the initial methyl pos-
sesses substantially more internal excitation than the second. The total internal energy in the
methyl fragments according to the model is 26.6 kcal/mole, which is consisteﬁt with the results of

Hall et al. but much higher than the 6.2 kcal/mole predicted by the Trentelman model.

V. Concluding Remarks

At 248 nm (S;+-S) acetone dissociates to produce a methyl and acetyl radical. On aver-
age 14.2+1.0 kcal/mole is observed in photofragment translation. The similarity of this value to
the height of the exit barrier and its invariance when compared to excitation at longer wavelengths
in the same absorption band strongly suggests that the energy partitioning, specifically the transla-
tional energy release, is mediated by the exit barrier on the potential energy surface. Of the
nascent acetyl radicals 30+4% have sufficient internal energy to undergo secondary decomposi-
tion. An upper limit to the CH3CO barrier to dissociation has been determined to be 17.8+3.0
kcal/mole, in agreement with the 17+1 kcal/mole value derived from the photodissociation of
acetyl chloride. The translational energy of the CH; and CO fragments arising from the decompo-
sitipn of the nascent acetyl radicals is consistent with the magnitude of the exit barrier.

Following excitation at 193 nm acetone was observed to dissociate exclusively into two
methyl radicals and carbon monoxide. The average translational energies for the photofragments
were found to be considerably less than determined previously, suggesting thét_ a significant frac-
tion of the available energy is partitioned into methyl internal excitation in agreement with the
work of Hall et ai. A stepwise method of analysis, using only slightly modified energy and angu-
lar distributions analc;gous to those derived at 248 nm, was successful in fitting the experimental
data. We, therefore, conclude that the mechanism of dissociation at 193 nm can be characterized
as fully stepwise; involving substantial randomization of the available energy and complete rota-
tional averaging in the second step. Consequently, the dissociation dynamics of acetone at 193 nm
can be viewed as a simple extension of the mechanisms that occur at both 266 nm and 248 nm

giving credence to the notion that even modest exit barriers can greatly influence the partitioning
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of the available energy in photodissociation processes.
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VI. Appendix
A. The Statistical Reservoir

The partitioning of the statistical reservoir between the two fragments relies upon ideas
developed for the Separate Statistical Ensembles method (SSE)45 , Phase Space Theory (PST)46,
and the ~prior distribution.*” The prior distribution and PST, which assume a loose transition state,
include only information regarding the product states, without treating explicitly the vibrational
modes of the parent molecule that develop asymptotically into product rotation and translation.
The SSE method assumes that vibrations become adiabatic prior to rotations and uses different
ensembles to calculate the vibrational and rotational distributions. The basic assumption of our
method bf partitioning the statistical reservoir is that the energy is distributed statistically in the
parent molecule up to the transition state. The breaking of the bond is viewed as an instantaneous -
event, which prevents any further rearrangement of energy. Following this reasoning, it makes
sense to partition the statistical energy into T, R, and V at the transition state using information
only from the parent, and not information from the products as in PST and the prior distribution.
The method used to divide the statistical reservoir into T, R, and V is very similar to the SSE pro-
cedure. Product \.zibrations can develop out of all parent vibrational modes, while product rota-
tions and translations develop only out of those modes of the parent molecule that disappear
-during the course of the reaction.

Three ensembles are utilized. The vibrational ensemble includes all vibrational modes of

the parent and overlaps with the other two ensembles. The rotational ensemble includes those dis-
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appearing modes that lead to rotational excitation of the products. These modes can include
methyl torsions, skeletal bends, etc. The third ensemble is a translational ensemble that includes
modes that disappear into product translations. Identification of which modes belong in which
ensemble can be a subtle matter for large parent molecules, but three basic rules can be easily
applied:

1) Parent torsions and skeletal bends go into the “rotational” ensemble,

2) Parent skeletal stretches go into the “translational” ensemble, and

3) all parent vibrational modes go into the “vibrational” ensemble.

Here we have madg the rather severe assumption that beyond the transition state bends
and toréions evolve adiabatically into product fotations. For torsions this approximation is not
unreasonable but for skeletal bends the impulsive nature of the potential energy surface should
effectively couple rotation and translation. Consequently, this results in an overestimation of
photofragment rotation at the expense of translational energy. Although attempts can be made to
correct this deficiency, we do not anticipate that this will significantly alter the average energy
quantities.

The statistical energy reservoir is partitioned into rotations in the following manner:

e Ecmv_EV E‘W—EV—-ET
‘ [dEy [ dEr | dEqpp(E,)pg(Eg)pr(Ep 8(1;"‘" S o ER)ER
(Egy = =2 g 2 (AD)

£ Enm_Ev E"“-—EV-ET

[aE, [ dE. | dERp,,(EV)pR(ER)p,(ET)a(E““’—EV-ET-ER)
0 0 : 0

where pp PR, and pr are the densities of states for the P (parent), R, and T ensembles of
parent vibrational modes. The P ensemble is made up of all vibrational modes of the parent mole-
cule. In the harmonic approximation, the densities of states can be computed easily using the
- Beyer-Swinehart algorithm. The expressions for (Ei,mt) and (ESTW) are similar to the one for the

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

Dividing (ESTW) between the two fragments is easily accomplished by conserving linear
momentum and (E; h is similarly partitioned by requiring conservation of angular momentum.

The only remaining difficulty is to divide the vibrational energy from the statistical reser-
voir between the two fragments. It seems reasonable to view the impulse as an instantaneoﬁs
event, so that the energy is frozen in the pareﬁt modes. The energy 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 frag-
ment modes themselves, one obtains the following expression for the vibrational energy parti-

tioned into fragment A from the statistical reservoir:

E,  ES-E,
v ,[ dE, j dEgp, (E) Pp (EB) S(EJVMI_EA"EB)EA
(B, () = Lt ' , | (A2)
J dE, J dEgp , (E,) pp (Ep) S(E:/m‘EA‘EB)
0 o .

where p, and pg are the vibrational densities of states of fragments A and B respectively.

B. The Impulsive Reservoir
The basic premise of the standard impulsive model is that all of the available energy is

released as a repulsion localized in the reaction coordinate.3”-38 For the present model, the avail-

able energy is replaced with the height of the exit barrier. In the rigid fragment limit the dissocia-
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tion results in no vibrational excitation of the fragments. The impulsive reservoir is therefore

partitioned only between fragment rotation and translation,

imp

E™ (tor) = Ei';" (to?) +E"Z" (4) +E"" (B) (A3)

2. 2
imp _ l 2 (JA) (JB) _
E™ (tor) = SHap8 + AT, + Al (A4)

where g is the relative velocity of A and B. Since the dissociation must conserve angular

momentum (initially assumed to be zero) the translational energy is constrained as follows:

. imp
E™ (to1) = b: (to) (A5)
(by) Byup  (bp) Hyp
1+ +
1, Ip

where b, and bg are the exit impact parameters. Hence, the translational energy of the
products predicted by the rigid fragment model is intimately dependent on the choice of the disso-
ciative geometry. Once the translational energy has been determined, the rotational energy of the

fragments can be expressed in terms of E7™P(tot),

imp _imp (by) "Hyp _
B @) = B (ton) —H 4 (A6)
2
imp _imp (bp) "Wyp
g (B) = E (ton) =22 (A7)

The two reservoirs are then combined to give average translational energies for the two

fragments as follows:
Er(A) = E;" (4) +E[” (4) (A8)
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E;(B) = E{" (B) +E{” (B) | (49)

Similar equations are used for rotational and vibrational energies.

C. Test Case: Acetic Acid

The present model was also used to compare predicted energy partitioning with experi-
mental results in the photodissociation of acetic acid at 218 nm and 200 nrﬁ.48'49 Both wave-
lengths involve (n,m*) excitation but differ by ~12 kcal/mole in the energy available for
dissociation. The barrier height was assumed to be 13.0 kcal/mole and the dissociative geometry
was non-planar. Vibrational frequencies were taken from Herman and Hofstadter’® with the mode
assignments of Haurie and Novak.’! The C-O(H) stretch and the COO bend were assumed to
evolve into product translation while the OH torsion and rocks were partitioned into rotation. The
OH and CH3CO vibrational density of states were calculated using the method of Beyer-Swine-
hart. Table 2 shows the BIM results and includes predictions of the soft fragment impulsive model
(SFIM). The favorable agreement of the model to the experimental results of Hunnicutt et al. sug-
gest that the barrier impulsive model has general applicability for those cases that involve impul-
sive-type potential energy surfaces. We expect that this model will work for systems like the two
shown above that satisfy several crjteria: 1) IVR should occur prior to dissociation, 2) the mole-
cules should be large enough to contain many modes that are not directly involved in the dissoci-
- ation, and 3) the dynamics beyond the transition state should permit facile treatment of the

impulsive reservoir. The photodissociation of carbonyl compounds, excited to their (n,7*) state,
- appears to be well suited for the above treatment. In general these molecules dissociate over a bar-
rier that results from an avoided crossing between the 3(n,1t*) and 3((5,0'*) configurations in non-
planar geometries. Since the dissociation ultimately involves the cleavage of only a single bond,
‘the impulsive model can be used in a straightforward manner. In addition, the lack of measured
-anisotropy in the photodissociation of these compounds suggests that ‘the excited state should

exist for sufficient time to allow almost full randomization of the initial excitation energy.
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Table 1: Average Fragment Energies (kcal/mole) for Acetone Photodissociation at 193 nm -

Ref.17 | "TRUSNC | Thicwork | BIMP
EfCH;) |105t19 | 105 105505 | 107
E. (CHy |26 2.6 17.2
Ef(COY | 6.6£12 6.7 2.340.5 2.1
En(CO) |91 10.3 5.7
EXCH;)° |12.1#1.9 |143 4305 4.0
E.(CH;) |26 36 9.4

a. The method is outlined in reference 19
b. The details of the calculation are presented in the appendix
c. Translational energies for these fragments are given in the secondary center-of-

mass
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Table 2: Product Energy Partitioning for Acetic Acid
Photodissociation at 200 nm and 218 nm

E, (OH) E,(OH) E.(OH) |E, (CH,CO)| E;(CH,CO)

Experiment?

218 nm 1.21b <0.2 9.81 12.9 3.89

200 nm 1.36 <04 10.4 23.73¢ 4.11
BIM

218nm | 1.39 0.23 9.79 12.73 3.87

200 nm 2.05 0.80 10.15 22.99 4.01
SFIM '

218 nm 0.08 0.63 11.30 11.53 4.46

200 nm 0.12 0.90 16.14 16.47 - 6.38

a. Reference 46 and Reference 47.

b. All energies are expressed in kcal mol L.
c. Inferred from E,,; and all other measured quantities.
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Figure 1:

Figure 2:

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure Captions

Energy level diagram for acetone dissociation adapted from reference 19.

TOF spectra at 248 nm of m/e=15 (CH3") at laboratory angles 25° and 35°. Circles rep
resent data points. Contributions are shown for CH3 (solid line) and CH3CO (dashed

line) from reaction 1 and CH3 originating from reaction 2 (dotted line).

Center-of-mass translational energy distribution, P(Et) for reaction 1 used to fit the

‘data in Figs. 1 and 3. The solid line is the derived from fitting the methyl radical from

reaction 1 and the dotted line is derived from fitting the m/e=43 spectra.

TOF spectrum at 248 nm of m/e=43 (CH3CO™) at a laboratory angle of 25°. Circles

-represent data points and the line is the forward convolution fit using the P(Er) in Fig.

2 truncated as shown by the dotted line.

Center-of-mass velocity distributions for CH3 (left) and CH3CO (right) from reaction
1. The shaded region indicates CH3CO radicals that are unstable with respect to sec-

ondary dissociation.

Center-of-mass angular distribution, T(0) used to fit the secondary fragments from

reaction 2. 0 corresponds to the direction of the acetyl radical recoil.

TOF spectrum of m/e=28 (CO*) at 248 nm. The open circles are the data. The lines are
the contributions from primary acetyl fragments (dashed line) and CO fragments from

secondary dissociation.

TOF spectra of m/e=15 (CH3") at a laboratory angle of 20° from the 248 nm photodis-
sociation of (a) CH3COCI and (b) CH3COBr. The open circles are the data and the

contributions are identical to those in Figure 7. (see text for details).
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Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Flgure 14

Figure 15

TOF spectra at 193 nm of m/e=15 (CH3%) at laboratory angles 20°, 35°, and 50°. Cir-
cles represent the data and the line is the fofward convolution fit using the P(Et) in

Figure 10.

Center-of-mass translational energy distribution derived from fitting the m/e=15 TOF

spectra at 193 nm.

TOF spectra at 193 nm of m/e=28 (CO%) at laboratory angle 35° and 50°. Circles rep-

resent data points and the line is the best fit to the data.

Center-of-mass translational energy distribution derived from fitting the m/e=28 TOF

spectra (solid line). The dashed line shows a Boltzmann distribution at 3000 K.

TOF spectra at 193 nm of (a) m/e=15 (CH3") and (b) m/e=28 (CO™) at 35°. The open
circles are the data. The contributions in (a) are CH;3 from reaction 1 (dotted line) and
CHj; from reaction 2 (dashed line). In (b) the solid line is CO from reaction 2. The

P(Et) and T(6) used in the forward convolution fits are shown in Figure 14.

Center-of-mass primafy and secondary translational energy distributions derived from
fitting the m/e=15 and m/e=28 TOF spectra shown in Figure 13. The inset shows the

secondary angular distribution.

Schematic diagram illustrating the relations between various energetic quantities in

the barrier impulsive model.
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