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This work uses the photodissociation of acetyl chloride to assess the utility of a recently proposed impulsive
model when the dissociation occurs on an excited electronic state that is not repulsive in the Franck-Condon
region. The impulsive model explicitly includes an average over the vibrational quantum states of acetyl
chloride when it calculates an impact parameter for fission of the C-Cl bond, as well as the distribution of
thermal energy in the photolytic precursor. The experimentally determined stability of the resulting acetyl
radical to subsequent dissociation is the key observable that allows us to test the model’s ability to predict
the partitioning of energy between rotation and vibration of the radical. We compare the model’s predictions
for three different assumed geometries at which the impulsive force might act, generating the relative kinetic
energy and the concomitant rotational energy in the acetyl radical. Assuming that the impulsive force acts at
the transition state for C-Cl fission on the S1 excited state gives a poor prediction; the model predicts far
more energy in rotation of the acetyl radical than is consistent with the measured velocity map imaging
spectrum of the stable radicals. The best prediction results from using a geometry derived from the classical
trajectory calculations on the excited state potential energy surface. We discuss the insight gained into the
excited state dissociation dynamics of acetyl chloride and, more generally, the utility of using the impulsive
model in conjunction with excited state trajectory calculations to predict the partitioning of internal energy
between rotation and vibration for radicals produced from the photolysis of halogenated precursors.

Introduction

In both molecular beam and bulk kinetics experiments, the
photodissociation of halogenated precursors is often used to
generate radical intermediates under controlled conditions in
order to study the elementary chemical reactions of these highly
reactive species. The reactions of photolytically produced
radicals are influenced by how the energy initially imparted to
these radicals is partitioned between translational, vibrational,
and rotational energy. To understand this energy partitioning,
a wide variety of models have been developed and tested in
the last few decades. This paper seeks to assess a recently
proposed impulsive model1 for its value in predicting the energy
partitioning when the photolytic precursor is excited to an
electronic state that is not repulsive in the vertical geometry,
but rather has a C-halogen bond fission transition state outside
the Franck-Condon region.

Statistical,2 Franck-Condon,3,4 and direct impulsive models5

have been used to predict how the available energy in a
unimolecular or bimolecular reaction is distributed between
relative kinetic energy of the products and the internal vibra-
tional and rotational energy of the products. While a statistical,
or phase space, prediction for the energy partitioning to the
product degrees of freedom is useful for many systems, if the
dissociation dynamics are on a repulsive excited state or if there
are significant inter- or intramolecular forces beyond the
transition state, statistical predictions can be quite poor. A
Franck-Condon approach3,4 can be useful to predict excitation

in product vibrational degrees of freedom. For photodissociation
on steeply repulsive excited surfaces, an impulsive model5,6 for
energy partitioning to translational and rotational energy is more
appropriate than a statistical prediction. The early pioneering
studies by Wilson and co-workers5-7 outlined two limiting
cases5,6 for such a photodissociation. Their rigid radical
impulsive model does not allow for the partitioning of energy
to product vibration but offers a prediction for the partitioning
of the available energy between rotation and relative kinetic
energy of the photofragments. Their soft radical limit allows
for partitioning to molecular vibration as well. The barrier
impulsive model modification introduced by North et al.8 for
acetone photodissociation separately treats the energy released
from dissociating down an exit barrier as impulsively partitioned,
and the rest of the available energy as statistically partitioned.
Though a few systems are well predicted by the original limiting
cases of impulsive dissociation,9 the largely arbitrary assump-
tions in methods attempting to mix impulsive models with
vibrational excitation4 calculated from Franck-Condon overlap
with product states is still best described by Busch and Wilson’s
early comment: “...it must be admitted that a direct model based
on a combination of intra- and interfragment effects is so
spineless that it can match almost any photofragment spectrum.”6

While exact quantum dynamics simulations on a global potential
energy surface can reasonably predict the energy partitioning
in systems with just a few atoms, such calculations are not
practical for larger polyatomics. Thus, improvements in the
simple models are needed to obtain reasonable estimates of the
energy partitioning to photolytically produced polyatomic
radicals.
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To gain quantitative predictive ability for energy partitioning
in the photodissociation of halogenated polyatomics used as
radical precursors, we have recently introduced an impulsive
model1 that has three key features. It (1) retains the essential
component of classical conservation of angular momentum to
predict the resulting radical’s rotational energy but uses the
measured recoil kinetic energy distribution rather than making
a soft or rigid radical approximation,10 (2) explicitly includes a
distribution of predicted impact parameters over the quantum
mechanical vibrational wave function of the photolytic precur-
sor,1 and (3) explicitly includes the distribution of vibrational
energy in the photolytic precursor.1 When applied to the highly
internally excited CH2CH2OH radicals formed from the pho-
todissociation of 2-bromoethanol at 193 nm, this model ac-
curately predicted the percentage of radicals that were partitioned
enough rotational energy at each relative kinetic energy to
remain stable to further dissociation.1 The excited state of
2-bromoethanol is known to be repulsive in the Franck-Condon
region,11,12 which made an impulsive model a reasonable
assumption. In this paper, we test the utility of the model for
predicting the partitioning of internal energy between rotation
and vibration for the dissociation of a molecule, acetyl chloride,
not on a steeply repulsive potential, but on an excited state with
a C-halogen bond fission transition state outside the Franck-
Condon region.

The photodissociation of acetyl chloride to the acetyl radical
(CH3CO) has been the focus of a number of studies.13-22 The
photodissociation at 248 or 235 nm proceeds via an excitation
from the ground S0 state to the first excited singlet state, S1,
that has an nπ*CdO electronic configuration in the Franck-Condon
region. Thus, the initial force acts to stretch the C-O bond.
The C-Cl bond cleavage occurs via a transition state on S1

formed from the avoided crossing between the nπ*CdO and
nσ*C-Cl configuration states.13,22 Typically, asymmetric aliphati-
cally substituted aldehydes and ketones dissociate via a Norrish
type I process,14,16 with the assumption that the weaker of the
two R-bonds preferentially breaks. In contrast, the bond that
breaks upon UV excitation of acetyl chloride depends on the
relative barrier heights on the excited state potential energy
surface.

Previous Experimental Results

The key experimental observable used to test the model is
the measured velocity spectrum of the CH3CO radicals that are
formed with too little vibrational energy to undergo further
dissociation to CH3 + CO.

Many experimental studies have investigated the dissociation
dynamics and barrier for the dissociation of CH3CO.8,13,15,17,20,23

Here we compare our model’s predictions for the energy
partitioning to the CH3CO radicals produced in the photodis-
sociation of acetyl chloride to the experimental results in ref
13. Those velocity map imaging experiments determined the
total recoil kinetic energy spectrum for the C-Cl bond
photofission of acetyl chloride at 235 nm, producing both stable
and unstable CH3CO radicals, and the velocity spectrum of the
stable radicals to determine which radicals formed from C-Cl
bond fission were stable to subsequent dissociation. The details
of this apparatus and the experimental results are described

elsewhere.1,13 In short, a supersonic molecular beam of acetyl
chloride molecules was photodissociated at 235 nm, and the Cl
and CH3CO cofragments were photoionized and detected with
velocity map imaging to measure the distributions of velocities,
PCl(υ) and Pacetyl(υ) respectively. The acetyl radicals were
produced in a range of velocities corresponding to internal
energies that span the barrier to further dissociation. Those acetyl
radicals with low velocities have a significant amount of internal
energy and will dissociate on a time scale much faster than the
detection time scale (about 40 ns) and thus will not be detected.
Conservation of momentum of the cofragments allows the
calculation of the distribution of total recoil kinetic energies of
all dissociation events, Pall(ET), from PCl(V), as well as the range
of total recoil kinetic energies of the dissociation events resulting
in stable acetyl radicals, Pstable(ET), from Pacetyl(V), shown in
Figure 1. As expected, Pall(ET) and Pstable(ET) match at high
translational energies (i.e., low internal energies) but begin to
deviate around 25 kcal/mol, and Pstable(ET) is equal to zero at
energies below 19 kcal/mol. The energy at which the two
distributions begin to diverge may be used to calculate an upper
bound to the experimental barrier height for CH3CO dissociation.
Our goal is to predict the distribution of recoil kinetic energies
that resulted in CH3CO radicals stable to subsequent dissocia-
tion, the Pstable(ET) distribution in the black dashed line in Figure
1. First, we review simple energy conservation arguments and
the ab initio numbers used in the model.

At each measured recoil kinetic energy ET, one may use
energy conservation to calculate the internal energy of the acetyl
radical, Eint(acetyl radical):

Here EhV )121.5 kcal/mol is the energy of the photon that
breaks the C-Cl bond. Eint(acetyl chloride) is the internal energy
of the parent molecules. It has an average value of 1.1 kcal/
mol, but it will be demonstrated shortly that simply using an
average value yields a poor prediction for the distribution of
stable radicals. D0(C-Cl) is the bond dissociation energy of
the C-Cl bond, experimentally determined as 83.62 ( 0.15
kcal/mol,24,25 which is quite close to the theoretical value
calculated at the UCCSD(T)/CBS//UCCSD(T)/aug-cc-pVTZ
level of theory as 83.4 kcal/mol.13 It is slightly higher than the
G4//B3LYP/6-311++G(3df,2p) value of 82.57 kcal/mol.26

CH3COCl98
hν

CH3CO + Cl(2PJ) J ) 1
2

,
3
2

CH3CO f CH3 + CO
(1)

Figure 1. Center of mass recoil kinetic energy distributions of all C-Cl
bond fission events, Pall(ET), in blue, and just those events that result
in stable radicals, Pstable(ET), in black dashed line. Adapted from ref
13.

EhV + Eint(acetyl chloride) ) D0(C-Cl) + ET +

Eint(Cl[2PJ]) + Eint(acetyl radical) (2)
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Eint(Cl[2PJ]) is either 0 or 2.52 kcal/mol depending on which
spin-orbit state of chlorine is detected. ET is derived from the
velocity distributions measured by state-selectively detecting the
Cl(2P1/2) and Cl(2P3/2) atoms and adding the two distributions.
This calculation yields the total internal energy of the acetyl
radicals, Eint(acetyl radical), at each ET, but one must model
the partitioning of this internal energy between rotational and
vibrational energy to predict the distribution of radicals measured
to be stable to subsequent dissociation. (Unless the moment of
inertia of the radicals is very different in the molecular region
and the transition state for dissociation to CH3 + CO, none of
the energy partitioned to rotational energy can be used to
surmount the dissociation barrier.) We describe our model below
and compare its predictions with the experimental results.

Development of the Model

For each measured relative kinetic energy in the measured
Pall(ET) for C-Cl bond fission, the model invokes conservation
of angular momentum to predict the rotational angular momen-
tum imparted to the radical. As the supersonic expansion of
the parent molecules8 effectively cools molecular rotation, the
initial angular momentum is taken as zero (this classical model
does not include the photon’s angular momentum, which
typically couples to electronic angular momentum). Thus the
total angular momentum of the fragments must also be zero
following the dissociation.

The classical orbital angular momentum of the fragments Jborb,
with magnitude (µ|Vrel|b), is equal in magnitude and opposite in
direction to the rotational angular momentum Jbrot of the acetyl
radical product (Iω), where µ is the reduced mass of the acetyl
+ Cl system, Vrel is the relative velocity between the departing
cofragments, and b is the impact parameter when the impulsive
force dissociates the C-Cl bond. I is the moment of inertia of
the acetyl radical about its axis of rotation, and ω is the angular
velocity of the acetyl radical. Our calculation assumes that the
force acts impulsively along the C-Cl bond, so we use the
geometry of the CH3CO moiety in acetyl chloride to calculate
I. Substitution of the definitions of rotational energy (Erot )
(1/2)Iω2) and translational energy (ET ) (1/2)µVrel

2 ) yields the
required expression for the rotational energy imparted to the
acetyl radical for each recoil kinetic energy ET measured in
the experiment:

The (µb2)/I factor in eq 4 can be calculated by a series of
vector calculations, given the Cartesian coordinates of the acetyl
chloride geometry at which the impulsive force acts.

We note that the model prediction for the stable radical
spectrum as implemented here does not account for the geometry
difference between the acetyl moiety in acetyl chloride and the
CH3CO radical nor for the change in rotational energy of the
CH3CO radical as the C-C bond stretches. If the moment of
inertia increases, the classical rotational angular momentum stays
constant but the energy partitioned to rotational energy decreases
from that calculated here. Our impulsive model could allow for
this correction to be made, as we also calculate the axis about
which the radical is rotating.

To test the accuracy of the model in predicting the measured
distribution of radical stable to subsequent dissociation, we
substitute eq 4 into eq 2 and rearrange to get

At each measured ET, if enough energy is partitioned to
rotation the radical is left with vibrational energy lower than
the calculated barrier for its subsequent dissociation. Thus the
model’s prediction for the distribution of stable radicals is
sensitive to the impact parameter b calculated from the geometry
at which the impulsive force acts. We explore this in the
following section.

Model Predictions

The simplest prediction assumes the impulsive force acts in
the Franck-Condon region, so the ground state equilibrium
geometry of acetyl chloride is taken as the geometry at which
to calculate (µb2)/I. Using the average internal energy of the
precursor of 1.1 kcal/mol and the experimental C-Cl bond
dissociation energy of 83.62 kcal/mol, we can calculate the
simplest estimate for the measured distribution of stable radicals,
Pstable(ET), from the measured distribution of recoil kinetic
energies. (We do this by subtracting the contribution from any
radicals with Evib greater than the theoretically calculated
CCSD(T) barrier height, 16.77 kcal/mol,8 from the total
distribution, Pall(ET), as these will dissociate and not be detected.)
The distribution of vibrational energies predicted from this
simplest model is shown in the upper panel of Figure 2, and
the model’s prediction for Pstable(ET) is shown in red in the lower
frame superimposed on the experimentally measured distribu-
tion. The predicted distribution of stable radicals is bimodal,
with two sharp ET onsets for the dissociation of CH3CO radicals,
one for radicals formed in conjunction with Cl(2P1/2) and one
for those formed in conjunction with Cl(2P3/2). Clearly this
simple prediction does adequately match the experimentally
measured spectrum of stable radicals.

Our improved model1 accounts for the change in the (µb2)/I
factor over the quantum vibrational wave function of the
dissociating molecule (for example, due to the range of impact
parameters from zero point motion in a bend or pyramidal
vibration). Additionally, the model explicitly includes the entire
thermal distribution of vibrational energies of the ground state
acetyl chloride molecules, calculated from a direct count of states
before they absorb a photon, which broadens the predicted
Pstable(ET) considerably. We include only the normal mode of
vibration that results in the most significant change in the (µb2)/I
factor to estimate the first correction. Using the equilibrium
geometry, displacement vectors, force constants, and scaled27

frequencies calculated at B3LYP/6-311++G(d,p) level of
theory,28 the (µb2)/I factor is calculated for 40 geometries, some
extending beyond the classical turning points. Figure 3 shows
the resulting prediction for the distribution of acetyl radicals
stable to subsequent dissociation, Pstable(ET), compared with the
measured spectrum. The prediction is much improved and more
adequately predicts the full distribution of stable radicals. It is
encouraging that this prediction uses no variable parameters.
We use the experimental value for the C-Cl bond dissociation
energy and the CCSD(T) ab initio value for the barrier for the
subsequent dissociation for CH3CO radicals. Nevertheless,
assuming the impulsive force acts at the equilibrium geometry

Jbtotal ) Jborb + Jbrot ) 0 (3)

Erot )
µb2

I
ET (4)

Evib(radical) ) EhV + Eint(acetyl chloride) - D0(C-Cl) -

Eint(Cl[2PJ]) - (1 + µb2

I )ET (5)
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of acetyl chloride is not physically reasonable given the nature
of the excited state, and we note that the predicted distribution
retains a bimodal character that is not reproduced in the
experimental results.

Because theexcitedstate isnot repulsive in theFranck-Condon
region, it unlikely that the impulsive force acts at the geometry
on S1 corresponding to the ground state equilibrium geometry.
We thus consider the possibility that the impulsive force along
the C-Cl bond that generates rotational energy in the acetyl
radical acts when the acetyl chloride is at the transition state
geometry on S1 calculated by Chen and Fang.22 Researchers

using North’s modified impulsive model for reactions with an
exit barrier8 typically use the transition state29,30 in conjunction
with impulsive models to predict the nonstatistical energy
partitioning to translational and rotational degrees of freedom,
so we now attempt to use this geometry for our impulsive model.
This transition state geometry has an elongated C-Cl bond,
and the bonding about the R-carbon has become more pyrami-
dal, resulting in a much larger impact parameter and much more
partitioning of energy to the rotation of the acetyl radical.
Surprisingly, the resulting Pstable(ET), shown in red in Figure 4,
predicts far too much energy is partitioned into rotation for it
to agree with the experimental data. Evidently, the commonly
accepted notion that nonstatistical energy partitioning results
from forces at or beyond the transition state needs to be
reevaluated.

The above two comparisons suggest that the geometry at
which an impulsive force acts to break the C-Cl bond is
somewhere in between the Franck-Condon region and the
transition state, where the R-carbon has started to become
slightly pyramidal but does not yet have the large impact
parameter calculated at the transition state. To make a choice
for this geometry for use in our model, we consider the trajectory
calculations on S1 published by Chen and Fang (ref 22) and
reproduced in Figure 5. Note that although the C-O bond
stretches to a length of 1.673 Å in the first 50 fs of the excitation
before returning to oscillate about its equilibrium value, the
C-Cl bond length increases nearly monotonically after an initial
delay of 25 fs. In the first 25 fs or so, the C-Cl bond remains
close to its equilibrium geometry. If one had to approximate
the C-Cl bond fission as occurring due to an impulsive force,
one should identify in this trajectory the time at which
dR(C-Cl)/dt becomes large and positive and then stays nearly
constant. Thus, in our model we use the geometry at the outer
turning point of the C-O stretch as the geometry at which an
impulsive dissociation generates relative kinetic energy in the
C-Cl bond fission and rotation in the acetyl radical. That
geometry is given in Table 1, along with the resulting impact
parameter and axis of rotation and moment of inertia for the
evolving acetyl radical. The impact parameter for the C-Cl
bond fission at this geometry is significantly smaller than that
at the transition state for C-Cl bond fission, so our model
predicts a smaller partitioning of energy to rotation at each
measured ET. The predicted Pstable(ET) values shown in the upper
and lower frames of Figure 6 are derived using the geometry
calculated at the CAS(10,8)/cc-pVDZ level of theory in

Figure 2. Predictions from the simplest model (using a single impact
parameter and 〈Eint(acetyl chloride)〉 ) 1.1 kcal/mol). In the upper frame,
the distribution of vibrational energies of all radicals is shown in blue.
The calculated barrier height of 16.77 kcal/mol is used to calculate the
distribution of vibrational energies of stable radicals, shown in red.
This distribution is converted to a Pstable(ET) shown in red in the lower
frame on top of the experimental Pstable(ET) shown in black dashed line.
The bimodal nature of the predicted Pstable(ET) comes from the acetyl
radicals formed in conjunction with Cl(2P1/2) and C(2P3/2), which
accounts for an available energy difference of 2.52 kcal/mol.

Figure 3. Predicted Pstable(ET) using the ground state geometry of acetyl
chloride and considering a range of geometries as the molecule vibrates
along the ν3 normal mode (338 cm-1) shown in red, superimposed on
the experimentally determined spectrum in black dashed line.

Figure 4. Predicted Pstable(ET) using the transition state geometry of
acetyl chloride and considering a range of geometries as the molecule
vibrates along the ν5 normal mode (444 cm-1) shown in red,
superimposed on the experimentally determined spectrum, shown in
black dashed line.
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Table 1 and averaged over the third normal mode of vibration
(312 cm-1 unscaled). The bimodal nature of the previous
prediction has vanished because the impulsive force acting at
this geometry imparts a wider range of (µb2)/I factors, broaden-
ing the predicted spectrum. The upper frame uses the experi-
mental value of D0(C-Cl) in the energy conservation relation
given in eq 2 and allows all radicals to dissociate if they have
a vibrational energy higher than the ab initio barrier of 16.77
kcal/mol. While there are no direct experimental measurements
of this barrier, the zero-point corrected C-C bond dissociation
energy for the dissociation of CH3CO to CH3 + CO has been
measured as 9.31 ( 0.15 kcal/mol,24,25 quite close to the
CCSD(T) value of 9.45 kcal/mol.31 The lower frame gives the
result when one iteratively adjusts the sum of D0 and the barrier
down by 2.77 kcal/mol, so D0(C-Cl) + Ebarrier is set as 97.62
kcal/mol. The model prediction in the lower frame gives an
excellent fit to the experimentally measured spectrum of stable
radicals. Figure 7 gives the corresponding vibrational energy
distribution of all the nascent radicals, both stable and unstable,

assuming the value of D0(C-Cl) in acetyl chloride with the
same model parameters that gave the fit in the lower frame of
Figure 6. (It is interesting to note that the derived P(Evib)
spectrum is relatively insensitive to the model parameters as
long as we choose a set of parameters that gives a good fit to
the Pstable(ET) spectrum. For example, the P(Evib) in Figure 7 is
nearly identical to the P(Evib) derived from an impulsive model
at the equilibrium geometry if one lowers D0 by 1.32 kcal/mol
to improve the fit shown in Figure 3.) We note that the
adjustment required to get a good fit, decreasing the sum
D0(C-Cl) + acetyl dissociation barrier down by 2.77 kcal/mol,
is outside the range of uncertainty in the experimental D0 and

Figure 5. Results of the trajectory calculations beginning at the
Franck-Condon geometry on S1, adapted from ref 22. The C-Cl bond
length (frame a) and the C-O bond length (frame b) are shown as a
function of time. The inset in frame b shows the slightly pyramidal
geometry of acetyl chloride at the turning point of the trajectory at
which the C-O bond length is 1.673.

TABLE 1: Cartesian Coordinates of the Acetyl Chloride
Molecule at the Outer Turning Point of the C-O Stretch
Trajectorya

X Y Z

C -0.34786 0.045554 -0.1904
O -0.847852 1.625079 0.042194
Cl 1.316225 -0.170072 0.020705
C -1.409924 -1.069059 0.03643
H -1.375849 -1.801522 -0.77449
H -1.291133 -1.612652 0.981776
H -2.379414 -0.554199 0.02701

a The unscaled vibrational frequencies, force constants, and
displacement vectors were calculated from this geometry at the
CAS(10,8)/cc-pVDZ level of theory. At this geometry, the impact
parameter is 0.2864 Å and the moment of inertia is 16.4922
amu ·Å2.

Figure 6. Predicted Pstable(ET) using the geometry, from the trajectory
results in Figure 5, at the outer turning point of the C-O stretch and
considering a range of geometries accessed during the zero-point motion
of the ν3 normal mode (312 cm-1 unscaled). The upper frame shows
the predicted spectrum using the values for D0 and the CCSD(T)
calculated barrier height, 83.62 and 16.77 kcal/mol, respectively.7 The
lower frame shows the predicted spectrum if one reduces the sum of
D0 + barrier height by 2.77 kcal/mol in the model input.

Figure 7. Predicted vibrational energy distribution of all the nascent
radicals, both stable and unstable, assuming that the value of D0(C-Cl)
in acetyl chloride is 80.85 kcal/mol and convoluting over the range of
geometries accessed during the zero-point motion of the ν3 normal mode
(312 cm-1 unscaled).
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ab initio barrier prediction. A model prediction using a distribu-
tion of geometries slightly less pyramidal than the one used for
demonstration purposes here could give a good fit to the data
without the large adjustment, but we would need an ensemble
of classical trajectories on S1 to make this prediction. Even at
this simple level, the modeling here has conclusively shown
that assuming an impulsive force acting from the transition state
for C-Cl bond fission on S1 gives a very poor prediction for
the spectrum of stable radicals; the C-Cl bond experiences an
impulsive force in a region of the S1 excited state that is much
less pyramidal.

Discussion and Summary

For studies of the unimolecular and bimolecular reactions of
radicals in the gas phase, it is important to have a rough estimate
of the distribution of vibrational energy in the nascent radicals.
This work tests the extension of a recent model for obtaining
the rotational and vibrational energy distribution of radicals
produced from the photodissociation of a halogenated precursor
for the special case that the dissociative excited state of the
precursor is not repulsive in the Franck-Condon region. Using
only the measured distribution of recoil kinetic energies in the
C-halogen bond fission, we model the partitioning of energy
to rotation of the radical impulsively and use this to predict the
vibrational energy distribution of the nascent radicals and the
portion of the distribution of C-halogen bond fission recoil
kinetic energy distribution that produced stable radicals. Our
analysis shows that the choice of geometry for the impulsive
dissociation is critical. Though prior studies using impulsive
models commonly assume that one should use the geometry of
the transition state for C-halogen bond fission when one
predicts the amount of energy partitioned impulsively to product
rotation, we show here that this assumption is a poor one. For
acetyl chloride dissociation, it predicts too much rotational
energy in the nascent radicals. We thus find that for most of
the dissociative trajectories the impulsive C-Cl bond fission
begins at a geometry that is not as pyramidal as that represented
by the transition state for C-Cl bond fission on S1. The work
demonstrates that one should not assume that impulsive forces
acting near the transition state are important for the actual energy
partitioning. Rather, it is preferable to examine calculated
trajectories on the excited state to arrive at a reasonable geometry
to use for such impulsive models. When one does that, the
extended model presented here, which accounts for the distribu-
tion of internal energies in the halogenated precursor as well as
the variation in impact parameter due to vibrational motion in
the precursor, gives a quite good fit to the measured distribution
of stable radicals. One can understand the results in the acetyl
chloride system by considering the multidimensional nature of
the global potential energy surface for S1 and the associated
trajectories on it. The results suggest that the majority of the
dissociative trajectories for C-Cl bond fission sample the
avoided crossing between the nπ*CdO and nσ*C-Cl configuration

states not at the calculated transition state, but rather at a
geometry that is not as pyramidal.
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