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Photodissociation dynamics of acetone studied by
time-resolved ion imaging and photofragment
excitation spectroscopy

Benjamin W. Toulson, † Dmitry A. Fishman and Craig Murray *

The photodissociation dynamics of acetone has been investigated using velocity-map ion imaging and

photofragment excitation (PHOFEX) spectroscopy across a range of wavelengths spanning the first

absorption band (236–308 nm). The radical products of the Norrish Type I dissociation, methyl and

acetyl, as well as the molecular product ketene have been detected by single-photon VUV ionization at

118 nm. Ketene appears to be formed with non-negligible yield at all wavelengths, with a maximum

value of F E 0.3 at 280 nm. The modest translational energy release is inconsistent with dissociation

over high barriers on the S0 surface, and ketene formation is tentatively assigned to a roaming pathway

involving frustrated dissociation to the radical products. Fast-moving radical products are detected at

l r 305 nm with total translational energy distributions that extend to the energetic limit, consistent

with dissociation occurring near-exclusively on the T1 surface following intersystem crossing. At

energies below the T1 barrier a statistical component indicative of S0 dissociation is observed, although

dissociation via the S1/S0 conical intersection is absent at shorter wavelengths, in contrast to

acetaldehyde. The methyl radical yield is enhanced over that of acetyl in PHOFEX spectra at l r 260 nm

due to the onset of secondary dissociation of internally excited acetyl radicals. Time-resolved ion

imaging experiments using picosecond duration pulses at 266 nm find an appearance time constant of

t = 1490 � 140 ps for CH3 radicals formed on T1. The associated rate is representative of S1 - T1
intersystem crossing. At 284 nm, CH3 is formed on T1 with two distinct timescales: a fast o10 ns

component is accompanied by a slower component with t = 42 � 7 ns. A two-step mechanism involving

fast internal conversion, followed by slower intersystem crossing (S1 - S0 - T1) is proposed to explain

the slow component.

Introduction

Acetone (CH3COCH3) is the simplest ketone and its photo-
dissociation is arguably one of the best studied photochemical
reactions. Interest in the photochemistry and photophysics of
acetone has been driven in part by its role in atmospheric
chemistry, but alongside other organic carbonyls such as formal-
dehyde and acetaldehyde, it is also a model system for investigating
the role of intersystem crossing in photochemistry. The first
absorption band is a weak broad continuum centered at 277 nm
that arises from excitation of a non-bonding electron to a p*
antibonding orbital, giving rise to the S1 (1n,p*) and T1 (3n,p*)
states. The S1 origin has been identified at 328.57 nm (30435 cm�1)
by high-resolution laser-induced fluorescence spectroscopy.1,2

The higher lying S2 state has significant Rydberg character (n,3s)
and has an origin at 195.2 nm (51230 cm�1). Absorption cross
sections and photolysis quantum yields (as well as their pressure
and temperature dependences) relevant to atmospheric chemistry
are summarized in the most recent NASA/JPL evaluation.3

The photochemistry following excitation to the S2 state at
193 nm has been studied extensively.4–9 Here, we focus our
discussion on the photochemistry resulting from excitation of
the S1 state. The major photolysis channel is the Norrish Type I
process, in which the a-CC bond breaks to form acetyl and
methyl radicals:

CH3COCH3 - CH3CO + CH3 28 920 cm�1 l o 346 nm
(I)

The threshold wavelength for the observation of radical
photoproducts from acetone is 305.8 nm, ascribed to the presence
of a barrier on the T1 surface that must exceeded to reach
products. The radical dissociation threshold was first identified
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by Copeland and Crosley,10 and is also evidenced in fluorescence
measurements, which show a sharp decrease in lifetime at shorter
wavelengths.11–16 Acetyl radicals may be formed with sufficient
internal energy to undergo secondary dissociation, and the triple
fragmentation channel becomes increasingly important as l is
decreased.

CH3COCH3 - CH3 + CH3 + CO 32 200 cm�1 l o 311 nm
(I0)

The photodissociation dynamics following excitation to S1
has been investigated at 266 nm using 2 + 1 resonance-enhanced
multiphoton ionization (REMPI) detection of CH3 by Waits
et al.17 and at 248 nm by North et al. using photofragment
translational spectroscopy (PTS).8 The average translational
energy release was found to be similar at both wavelengths,
amounting to around 5000 cm�1, indicating the role of the exit
barrier in partitioning the available energy. Secondary dissociation
of acetyl was significant only at 248 nm and accounted for 30% of
radicals formed in the primary dissociation. Trajectory calculations
by Martı́nez-Núñez et al. initiated at the T1 barrier successfully
reproduced the translational energy distributions and secondary
acetyl dissociation determined from the PTS experiments.18

Recently, Lee et al. have reported an ion imaging study, in
which 2 + 1 REMPI was used to detect CH3 fragments formed
at several photolysis wavelengths in the range 266–312 nm.19

Two dissociation pathways with distinct translational energy
distributions were observed. Excitation at l o 306 nm led
exclusively to products with large recoil kinetic energies,
consistent with dissociation over the barrier on the T1 surface.
As the photolysis wavelength was decreased, an increasing
fraction of the available energy was portioned into internal
degrees of freedom of the radical products. At l 4 306 nm,
an additional slow component was observed in the product
translational energy distribution. This new pathway to channel
(I) products was well-described by a statistical model and
attributed to barrierless dissociation on the S0 surface.

Additional product channels leading to molecular products
are also energetically accessible after excitation to S1:

CH3COCH3 - CO + C2H6 1450 � 30 cm�1 l o 6892 nm
(II)

CH3COCH3 - CH2CO + CH4 7310 cm�1 l o 1368 nm
(III)

CO products formed at 230 nm have been found to have
bimodal and J-dependent ET distributions in a velocity-map ion
imaging study by Goncharov et al.20 The subset of slow-moving,
low-J CO products was attributed to a roaming mechanism,
while most CO products were assigned to production via the
secondary dissociation channel (I0). To the best of our knowledge,
channel (III) primary products have not been detected following
excitation to S1.

In addition to ‘conventional’ photochemistry experiments
using nanosecond pulsed lasers, acetone has been the subject of
time-resolved measurements using femtosecond pulsed lasers,
typically using mass spectrometric detection techniques.21–32

Excitation to S2 results in direct Norrish Type I dissociation on
very short (o200 fs) timescales.21–26 The mechanistic steps
following excitation to S1 have been the subject of some debate,
however, with some authors suggesting ultrafast dissociation28,29

and others favoring a relatively long-lived excited state, with
intersystem crossing to T1 being rate limiting.27,30–32 Despite
the differing interpretations, the experimental results were in
fact remarkably consistent. The long-lived excited state inter-
pretation has been confirmed by trajectory calculations and
time-resolved photoelectron spectroscopy measurements that
show no signals attributable to acetyl fragments within the first
100 ps.31,32 The ultrafast sub-picosecond signal observed in
time-resolved mass spectrometry experiments was attributed
to dephasing in the S1 state as the excited molecules move out
of the Franck–Condon region, and out of the non-resonant
multiphoton ionization probe window. Various groups have
performed ab initio calculations characterizing the minima,
transition states, and surface crossings for acetone.30,33–36

In this paper, we report direct current (DC) slice imaging and
photofragment excitation (PHOFEX) spectroscopy measurements
exploring acetone photolysis over a broad range of wavelengths
spanning the first absorption band. Methyl and acetyl radical
products are formed with the available energy preferentially
partitioned into translation, with the degree of internal excitation
increasing at shorter photolysis wavelengths, consistent with
dissociation on the T1 surface. Time-resolved imaging measure-
ments characterize the CH3 radical appearance times for formation
on the T1 surface following excitation to S1 at 284 nm and 266 nm.
The onset of the secondary dissociation, or triple fragmentation,
channel (I0) is identified in PHOFEX spectra obtained simultaneously
probing the CH3 and CH3CO products.We also find a non-negligible
yield of the molecular product ketene at all photolysis wavelengths.
The translational energy distributions confirm that CH2CO is formed
on the singlet surface, and we tentatively suggest that a roaming
mechanism may be responsible (Fig. 1).

Experimental methods

The experimental methods were identical to those used in our
recent study of the near-UV photochemistry of acetaldehyde,37

combining photofragment excitation (PHOFEX) action spectroscopy
and DC slice ion imaging.38 Both nanosecond and picosecond
duration pulsed lasers were used. Briefly, a molecular beam of
acetone seeded in Ar was intersected by counter-propagating
photolysis and probe beams. Photofragments were detected by
single-photon VUV ionization at 118.2 nm, generated by frequency
tripling the 355 nm output of either a nanosecond or picosecond
pulsed Nd:YAG laser in a static Xe/Ar mixture.39 For the nano-
second experiments, a mid-band optical parametric oscillator (6 ns
pulse duration, 5–7 cm�1 bandwidth) pumped by a Nd:YAG laser,
provided tunable photolysis radiation in the range 236–308 nm.
Picosecond time-resolved measurements were performed with the
266 output of the same Nd:YAG laser (28 ps pulse duration) used to
generate VUV radiation; the relative time-delay was varied using a
computer-controlled delay line.
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Results
1. DC slice ion imaging

DC sliced ion images of several acetone photofragments were
recorded at photolysis wavelengths spanning the range 236–
308 nm. The radical products methyl and acetyl, and the
molecular product ketene have ionization potentials (IPs) of
9.84 eV, 7.0 eV, and 9.617 eV, respectively, and can be ionized
at 118 nm (10.49 eV). All product species were confirmed as
two-color signals in the time-of-flight mass spectrum. Acetone
itself has an IP of 9.703 eV and is efficiently ionized by the VUV
probe, leading to intense features in the centers of images as
well as weaker off-axis multiphoton background, despite gating
the detector to preferentially observe the fragment of interest
in the mass spectrum. Acquisition of VUV-only images
allowed this background contribution to be subtracted. As
with acetaldehyde,19,37,40 cluster formation in the supersonic
expansion can be a problem. However, operating in the early
part of the gas pulse and pre-cooling the sample over ice
allowed the cluster contribution to the images to be minimized,
albeit at the cost of reduced ion counts. Fig. 2 shows typical raw
ion images of CH3, CH3CO, and CH2CO obtained at a photo-
lysis wavelength of 274 nm. The dashed circles indicate the
maximum speed, vmax, for the detected product if all available
energy is partitioned into translation. Two limits are shown on
the ketene image as the photolysis wavelength provides enough
energy to form either ground state singlet ketene, 1CH2CO,
and electronically excited triplet ketene, 3CH2CO, which lies
19 060 cm�1 higher in energy.

Photofragment speed distributions, P(v), are obtained by
direct integration of the images and appropriate Jacobian

transformation, and subsequently converted to total translational
energy distributions, P(ET):

ET ¼ 1

2
mA 1þmA

mB

� �
vA

2

Here, mA and mB are the masses of the detected and undetected
fragments, respectively. From energy conservation, the available
energy, EAVL, is partitioned between translation and internal
excitation of the radical fragments:

EAVL = hn � D0 = EINT + ET

The use of non-resonant universal ionization by VUV radiation
means that the EINT appearing in the energy balance equation
is the sum of EINT for both the detected and undetected
photofragments.

Channel I: CH3 + CH3CO. The ion images of CH3 and CH3CO
show distinct isotropic rings corresponding to speeds close to
vmax (2.99 km s�1 and 1.04 km s�1, respectively, at 274 nm); the
diffuse feature near the center of the image in Fig. 2 is back-
ground signal likely caused by incomplete elimination of
clusters in the supersonic expansion. The ring appears in the
images at photolysis wavelengths l r 305 nm, consistent with
the onset of dissociation over the T1 barrier and the collapse of
the S1 fluorescence lifetime at wavelengths less than 305.8 nm.16

As the photolysis wavelength is decreased, the ring broadens
and increases in radius. The most probable speeds increasingly
deviate from vmax at shorter wavelengths. CH3 and CH3CO are
momentum-matched co-fragments, and consequently the total
translational energy distributions, P(ET), are the same after
subtraction of background signals. At all photolysis wave-
lengths, the ET distributions are unimodal and well-described
by a single Gaussian function. Between 304 nm and 248 nm, the
average total translational energy, hETi increases near linearly
from B3000 cm�1 to B6000 cm�1, but the fraction of the
available energy partitioned in to translation, fT = hETi/EAVL,
decreases from B0.8 to 0.4. The ET distributions broaden
slightly as the available energy increases, with the energy spread,
quantified by the standard deviation, sET, increasing from 500–
2200 cm�1. Using a dissociation energy of D0 = 28920 cm�1 for
channel (I), the ET distributions are transformed into EINT
distributions, summed over both fragments. The mean internal

Fig. 1 Schematic energy diagram for acetone photolysis. The shaded blue
area represents the range of photolysis wavelengths used (236–308 nm).
Photoproducts detected by single-photon VUV ionization are emboldened.

Fig. 2 Raw ion images of methyl (CH3), acetyl (CH3CO), and ketene
(CH2CO) fragments at a photolysis wavelength of 274 nm. Dashed circles
indicate the maximum speed, vmax; the outer blue and inner red circles
represent vmax for formation of singlet ketene and triplet ketene,
respectively.
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energy hEINTi, and the standard deviation of the EINT distribution,
sEINT, are shown as a function of photolysis wavelength in Fig. 3.
At longer wavelengths (l Z 306 nm), the excitation energy is
insufficient to surmount the T1 barrier. We also observe the
statistical component characterized in detail by Lee et al. that is
attributed to dissociation on the S0 surface.

19

Channel III: CH2CO + CH4. Products observed at m/z = 42
(CH2CO

+) were assigned to ketene, presumably formed in
conjunction with CH4. Ion images were recorded over the range
236–308 nm, using a photolysis-ionization time delay of around
200 ns. By separating the photolysis and probe beams in time,
background counts caused by the photolysis laser alone
could be eliminated from the slice acquired by the detector.
The images are isotropic, and show a single broad feature
corresponding to production of CH2CO fragments with speeds
of B1 km s�1. Fig. 4 shows the total translational energy
distributions at photolysis wavelengths of 248 nm, 278 nm
and 308 nm and the variation in hETi and sET with available
energy. hETi increases from 5450 cm�1 to 9290 cm�1 as the
photolysis wavelength is decreased from 308 nm to 236 nm,
while sET increases from 3150 cm�1 to 5810 cm�1 over the
same wavelength range. The channel (III) molecular products
CH2CO + CH4 lie only 7310 cm

�1 higher in energy than the acetone
parent. Values of EAVL are in the range 25200–35100 cm�1,
significantly larger than those for the radical channel (I). The
fraction of EAVL partitioned into translation is independent of
photolysis wavelength, and has an average value of 0.23 � 0.01.
The remainder must be partitioned into internal degrees of
freedom of the CH2CO and CH4 products, which, in addition to

rotation and vibration, can also include electronic excitation, as
the lowest triplet state of ketene, 3CH2CO, is accessible.

CH3COCH3 -
3CH2CO + CH4 D0 = 26 370 � 100 cm�1

l o 379 nm (III0)

We note that the CH2CO ion image at 274 nm shown in
Fig. 2 appears at first glance to extend only as far as vmax

determined using the thermodynamic threshold for 3CH2CO
formation. However, the ET distributions, particularly at longer
photolysis wavelengths, show that a significant fraction of the
products are formed with ET 4 ET,max for the triplet channel.
The 308 nm data shown in Fig. 4 serve as an example. Around
half the ET distribution extends beyond the triplet limit and
while in general hEINTi is greater than the energy required to
form triplet products at all photolysis wavelengths, the spread
in P(ET) represented by sEINT means that a significant fraction of
the products have internal energies that are below the triplet
threshold. Again, we note that EINT here represents the sum of
the internal energies of the CH2CO and the CH4 fragments.

2. Time-resolved ion imaging

CH3 radical appearance times were measured by recording ion
images as a function of the photolysis-ionization time delay, Dt.
Measurements using the nanosecond pulsed lasers were made
over a 200 ns range at photolysis wavelengths of 254 nm,
264 nm, 274 nm, and 284 nm. Only 284 nm photolysis led to
a series of ion images that showed a time dependence; at the
shorter wavelengths, CH3 production appears to be prompt on
the timescale of the laser pulses. The photolysis pulse alone

Fig. 3 Mean internal energy, hEINTi, derived from acetyl (blue circles)
and methyl (red squares) EINT distributions as a function of photolysis
wavelength. The shaded areas represent the standard deviations of the
distributions, sET, which were modelled using Gaussian functions. Dashed
horizontal lines represent the barriers for secondary dissociation of
CH3CO: 5950 � 350 cm�1 reported by North et al.44 and 4970 � 170 cm�1

reported by Tang et al.45

Fig. 4 (a) Total translational energy ET distributions derived from ion
images obtained probing ketene. Fits to a Gumbel distribution are shown
in red. Dashed vertical lines indicate ET,max for formation of either singlet
(blue) or triplet (red) ketene. (b) Mean internal energy, hEINTi, plotted as a
function of photolysis wavelength. Shaded region represents the standard
deviation of the ET distributions. The horizontal dashed red line represents
the threshold for formation of 3CH2CO.
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produced background m/z = 43 (CH3CO
+) ion signal, that over-

whelmed the two-color signal and precluded any time-resolved
measurements detecting the acetyl radical.

Fig. 5 shows a subset of the CH3 speed distributions derived
from a series of ion images recorded as Dt was varied over
200 ns at a photolysis wavelength of 284 nm. The bottom trace
in Fig. 5(a) was obtained with reversal of the time ordering of
the laser pulses and represents a broad background signal that
extends far beyond vmax of 2700 m s�1 and is presumably
caused by multiphoton processes. The expected T1 component
appears strongly at early times and increases in magnitude
at longer delays. The shape of the distribution, which is
characterized by a Gaussian function with average speed hvi
and standard deviation sv is independent of time delay; the
average over the delays results in hhvii = 2230 � 10 m s�1 and
hsvi = 360 � 20 m s�1. Fig. 5(b) shows the speed distributions
for T1 products after subtraction of the background contribution.
Aside from the increase in the magnitude, the speed distribution
is otherwise unchanged over the range of delays; the average
speeds, standard deviations, and the relative area of the T1
component at each delay are shown in Fig. 6. Fitting the time
dependence of the T1 signal to an exponential rise

SðtÞ ¼ A 1� exp
t� t0

t

� �h i

yields a time constant of t = 42 � 9 ns. We note that the fit does
not pass through the origin, instead returning t0 = �21 � 7 ns.
This offset is much greater than the 6 ns laser pulse duration
or the uncertainty in the delay time, which is controlled
electronically and monitored with a fast photodiode. Constraining
the value of t0 to be zero results in fit that is significantly
poorer, with t = 19 � 3 ns. It is clear from Fig. 5 that the T1

component is absent at Dt o 0 but is significant even at the
shortest delay of Dt = +10 ns, accounting for around half the
maximum signal observed.

Picosecond time-resolved measurements were performed at
a fixed photolysis wavelength of 266 nm, again detecting
products by single-photon VUV ionization at 118 nm. The time
delay between the laser pulses Dt could be varied between
�1000 ps and +2500 ps using a computer-controlled delay line;
once again, Dt 4 0 corresponds to the 266 nm pulse preceding
the 118 nm pulse. As in our previous work on acetaldehyde,37

the 118 nm ionization pulse readily ionizes the parent molecule
and reversing the time ordering of the laser pulses results in
266 nm photodissociation of the CH3COCH3

+ cation, directly
producing ionic fragments. Fig. 7 shows the variation of the
total m/z = 15 (CH3

+) ion signal obtained from transient mass
spectra, recorded with electrodes configured for conventional
Wiley–McLaren mass spectrometry. The CH3

+ ion signal increases
as Dt becomes both increasingly positive and negative. For Dto 0,
the signal increases within the cross-correlation time of the laser
pulses, and then remains constant. In contrast, the CH3

+ signal
increases more gradually for Dt 4 0.

The rising edge at Dt o 0 is instrument-limited. The con-
volution of a Gaussian and Heaviside step function is used to
describe this signal:

SðtÞ ¼ A

2
1þ erf

t0 � tffiffiffi
2

p
s

� �� �

Here, t0 is the zero of time at which both photolysis and probe
lasers are overlapped and s is the Gaussian width representing
the cross-correlation time. The value of s was determined
by fitting transients for a dissociation known to be prompt
(CH2I2 - CH2I + I) and was constrained during subsequent
fitting. The value of s = 22 ps implies an instrument time
resolution of 37 ps. The slowly rising edge is modelled as the
convolution of a Gaussian function with the product of a

Fig. 5 Time-resolved CH3 speed distributions measured using nano-
second pulsed lasers at a photolysis wavelength of 284 nm: (a) raw speed
distributions, (b) after subtraction of background signals. Red curves are fits
to the experimental data. Dashed vertical lines indicate vmax.

Fig. 6 Left axis: CH3 product appearance kinetics measured using nano-
second pulsed lasers at 284 nm (black circles). The red curve is the fit to a
single exponential rise (red line). Right axis: The mean speed, hvi, at
each delay (blue squares). The blue shaded area represents the standard
deviation of the speed distribution, sv.

PCCP Paper

Pu
bl

is
he

d 
on

 0
9 

Ja
nu

ar
y 

20
18

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 - 
Ir

vi
ne

 o
n 

7/
17

/2
01

8 
9:

00
:3

7 
PM

. 
View Article Online

http://dx.doi.org/10.1039/c7cp07320h


2462 | Phys. Chem. Chem. Phys., 2018, 20, 2457--2469 This journal is© the Owner Societies 2018

Heaviside function and a single exponential rise with time
constant t:

SðtÞ ¼ A

2
1þ erf

t� t0ffiffiffi
2

p
s

� �
� exp

s2 � 2 t� t0ð Þt
2t2

� �	

� 1þ erf
t� t0ð Þt� s2ffiffiffi

2
p

st

� �� �


The transient ionization data in Fig. 7 was fit to a sum of
these two functions, which describe the time evolution of
the m/z = 15 signal at positive and negative Dt, respectively.
The CH3 appearance time constant is determined to be
t = 1350 � 530 ps.

Ion images of CH3
+ were recorded at twelve different delays

between +115 ps and +2415 ps, as indicated in Fig. 7. The speed
distributions are bimodal at all time delays, as shown in Fig. 8.
A broad, time-independent component peaks near 1.2 km s�1,
and extends beyond the maximum speed of 3.2 km s�1, again
suggesting a multiphoton process is responsible. Superimposed
is a time-dependent, translationally fast component peaking
near 2.4 km s�1 and with a FWHM of 1.0 km s�1 that is the same
as the speed distribution obtained in the nanosecond measure-
ments and can be attributed to dissociation on the T1 surface.
The speed distributions were fit to an exponentially-modified
Gaussian function and a Gaussian function to separate the
overlapping contributions. The fast Gaussian component comprises
around 7% of the total speed distribution at Dt = +115 ps,

increasing to 23% at Dt = +2415 ps, which is consistent (within
error) with the modest increase in the m/z = 15 signal observed
in the transient mass spectra. The time evolution of the fast
component of the speed distribution following subtraction of
the time-independent background signal is shown in Fig. 8.
The mean speed and standard deviation of the fast-moving T1

component does not change with delay time: across all delays
hhvii = 2360 � 20 m s�1 and hsvi = 570 � 40 m s�1. The area of
the T1 component, shown as a function of delay time in Fig. 9,
is fit to a single exponential rise, returning a time constant of
1490 � 140 ps, which agrees with the rise time obtained from
the transient ionization data. The fit returns t0 = �210 � 30 ps,
which again is greater than would be expected from the instrument
function or uncertainties in the delay time. In this case, however,
the apparent non-zero value of t0 could also arise from incomplete
subtraction of the multiphoton background signal, which is far
larger than the time-resolved component. Constraining the fit
by setting t0 = 0, yields a smaller time constant of 680 � 120 ps
and a poorer fit to the experimental data.

3. Photofragment excitation action spectroscopy

PHOFEX action spectra of CH3COCH3 were recorded over the
wavelength range 235–291 nm. The spectra corresponding to
detection of CH3, CH3CO and CH2CO fragments were extracted
from the corresponding ion signals in wavelength-dependent
time-of-flight mass spectra. The photolysis-ionization time
delay was around 200 ns. The relatively long delay ensures
that the PHOFEX spectra measure the asymptotic yield of each
fragments, at least for l r 284 nm where appearance times

Fig. 7 Transient m/z = 15 (CH3
+) ion signal plotted as a function of time

delay, Dt, between 28 ps duration 266 nm and 118 nm pulses. Dt o 0
corresponds to the 118 nm pulse preceding the 266 nm pulse; the signal
arises from dissociation of the parent cation. Dt 4 0 corresponds the
266 nm pulse preceding the 118 nm pulse; the signal arises from VUV
ionization of CH3 photofragments. A time-independent background signal
also contributes. The red curve is a fit to the experimental data,
as described in the text. The time constant for the increasing signal at
Dt 4 0 is 1350 � 530 ps. Vertical lines indicate delays at which ion images
were recorded.

Fig. 8 CH3 speed distributions at selected photolysis-ionization time
delays, Dt, as indicated, at a photolysis wavelength of 266 nm. (a) Complete
bimodal speed distributions, which comprise a broad, slow, and time-
independent contribution and a narrow, fast, and time-dependent component.
(b) Time-dependent component after subtraction of the slow component.
Solid red curves are fits to the experimental data and dashed curves
indicate the individual components. The dashed vertical lines indicate vmax

of 3.2 km s�1.
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are short. The lower panel of Fig. 10 shows the PHOFEX spectra,
which have been corrected for variation in the photolysis laser
fluence across the wavelength region covered and the relative
detection sensitivities of the photofragments (discussed below).
The spectra broadly follow the shape of the absorption band for
all fragments. Unsurprisingly, probing the CH3 and CH3CO
radicals results in nearly identical spectra, with maximum yields
obtained at 274 nm. The ratio of the raw CH3CO and CH3

signals is constant at l 4 260 nm; over the wavelength range
281–291 nm, the average ratio is 1.71 � 0.07, indicating a
greater detection sensitivity for acetyl than for methyl at
118 nm, assuming the ionization efficiency is independent of
the vibrational state. The photoionization cross section of CH3

at 118 nm has been reported to be 6.7 Mb,41 implying that that
of CH3CO is B11.4 Mb. The relative ease with which acetyl can
be detected using 118 nm ionization confirms our earlier
assertion that the CH3CO + H channel of acetaldehyde is minor,
as expected.37 The spectrum obtained detecting CH2CO is
qualitatively similar, although the maximum yield is observed
at a slightly longer wavelength of 278 nm. Ketene has a reported
photoionization cross section at 118 nm of 24.8 Mb,42 almost four
times that of CH3, and appears to be formed with significant yield.

After correcting for the relative detection sensitivities of CH3

and CH3CO, the action spectra in Fig. 10 can be seen to diverge
at l o 260 nm, where production of an excess of CH3 over
CH3CO is observed. As the product pair for channel (I), one
would expect the relative yields of both to remain constant:

YCH3
= YCH3CO = sFI

Here FI is the primary photolysis quantum yield for channel (I)
and s is the absorption cross section – both are wavelength-
dependent. However, secondary dissociation of internally excited
acetyl radicals leads to an increase in the relative yield of CH3 and
corresponding reduction in that of CH3CO.

CH3COCH3 + hn - CH3 + CH3CO* - CH3 + CH3 + CO I - I0

Including secondary dissociation, the yields of CH3 and
CH3CO can be written as

YCH3
= sFI(1 + fD) YCH3CO = sFI(1 � fD)

where fD is the fraction of CH3CO that dissociates, which in
turn leads to

fD ¼ YCH3
� YCH3CO

YCH3
þ YCH3CO

The relative yields of CH3 and CH3CO are determined
directly from the scaled PHOFEX spectra. The upper panel of
Fig. 10 shows the fraction of internally excited CH3CO radicals
that dissociate as a function of photolysis wavelength. The
fraction dissociated remains at zero until l o 260 nm, beyond
which it increases steadily, reaching values of around 0.2 at the
shortest photolysis wavelengths.

Discussion
1. Radical channel: CH3 + CH3CO

Fast moving methyl and acetyl fragments are detected at
photolysis wavelengths l o 306 nm, which is consistent with
the observed shortening of the S1 fluorescence lifetime and the

Fig. 9 Left axis: Areas of the Gaussian components of the CH3 speed
distributions plotted against photolysis-ionization time delay, Dt. The red
curve is a fit of the experimental data to a single exponential rise with time
constant is 1490 � 140 ps. Right axis: Mean speeds hvi (blue squares) and
standard deviations, sv (blue shaded area).

Fig. 10 Bottom panel: Photofragment excitation spectra of acetone probing
methyl (red), acetyl (blue), and ketene (green). The relative photofragment
yields were corrected for the respective photoionization cross sections, as
described in text, and subsequently scaled to match the channel (I) yield of
B0.6 at 280 nm.3 Top panel: Estimated fraction of acetyl primary products
that subsequently dissociate to CH3 + CO. Dashed vertical lines and shaded
areas show thresholds (and uncertainties) for the reported values of the acetyl
dissociation barrier.44,45
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opening of the triplet dissociation channel.10,12–16,19 The ET
distributions are narrow and peak near ET,max at wavelengths
corresponding to excitation close to the T1 barrier. As the
available energy is increased, the distributions broaden and
the peaks deviate ever more from ET,max, indicating a decreasing
fraction of the available energy is partitioned into translation.
Across the range 248–304 nm, EAVL for dissociation to the radical
products spans 4000–11400 cm�1. The mean translational
energy, hETi increases linearly from 3000–5000 cm�1 and the
standard deviation sET increases from 500–2200 cm�1. Similar
values are obtained probing either CH3 or CH3CO. The mean
translational energies are in moderately good agreement
with previous measurements. Waits et al. measured a value of
3830 cm�1 for ET following photolysis at 266 nm, which is
slightly lower than our value of 4620 cm�1. Better agreement is
obtained with North et al. who reported hETi = 4970 cm�1 and
sET = 1800 cm�1 at 248 nm, while our equivalent values are
5100 and 2200 cm�1, respectively.8,17 In a recent ion imaging
study, Lee et al.19 measured hETi values 3510–5430 cm�1 in the
photolysis wavelength range 304–266 nm, finding a linear
relationship between hETi and EAVL. In the same wavelength
range, we find marginally lower values of hETi of 3260–4620 cm�1

while the linearity is maintained across the greater range of EAVL,
albeit with a slightly gentler slope (0.25 rather than 0.33). The
lower values of hETi in the current work compared to those
measured by Lee et al. can be rationalized by the different
ionization schemes used. The REMPI scheme used by Lee et al.
selectively detects comparatively low-J levels of the vibrational
ground state CH3, while VUV ionization detection of CH3 or
CH3CO is universal, leading to contributions from internally
excited radical fragments with lower recoil velocities. This effect
is also evident in the slightly broader rings in the images when
using VUV ionization. The radical ET distributions shows
the same photolysis wavelength dependence as observed for
acetaldehyde,37 with fT values of approximately 0.8 near threshold
decreasing to around 0.5 at EAVL E 8000 cm�1. The trends are
consistent with earlier measurements and the conclusion that
dissociation occurs over the T1 barrier following intersystem
crossing.8,17,19 The change in the shapes of the ET distributions
can be explained by a mixed impulsive/statistical model in which
the reverse barrier height largely dictates ET and the remainder of
EAVL is distributed statistically among the internal degrees of
freedom of the radical products.19,43

The T1 mechanism leading to radical products shows many
similarities to that of acetaldehyde but there are two significant
differences. First, we see no evidence of an additional pathway
at shorter photolysis wavelengths that results from dissociation
on S0 accessed via an S1/S0 conical intersection, and second, we
do see evidence of triple fragmentation in the PHOFEX spectra.
Lee et al. reached a similar conclusion regarding the absence of
an S0 channel at shorter wavelengths, although their measure-
ments extended only as far as 266 nm.19 Ab initio calculations
have placed the S1 barrier that must be overcome to reach the
conical intersection at 38 000–46 700 cm�1, which implies a
threshold wavelength range of 263–214 nm.30,34–36 The lack of any
clearly observable signal attributable to the conical intersection

channel suggests that the barrier lies to the higher energy end of
the range predicted by theory. Measurements seeking to identify
this pathway at higher energies will, however, be complicated
by triple fragmentation. The methyl radical quantum yield
approaches two at shorter photolysis wavelengths because of
secondary dissociation of internally excited acetyl radicals
[channel (I0)]. Previously, North et al. estimated the fraction of
acetyl photofragments that dissociate at 248 nm to be fD = 0.30.8

Accessing the triple fragmentation products requires a photon
energy of at least 32 200 cm�1, which corresponds to a thresh-
old wavelength of 311 nm. However, the barrier to acetyl
dissociation pushes the threshold to shorter wavelengths.
Values of 4970 � 180 cm�1 and 5950 � 350 cm�1 have been
reported for the acetyl exit channel barrier, implying threshold
wavelengths of 295 nm or 286 nm.44,45

The PHOFEX spectra in Fig. 10 suggest that the threshold for
channel (I0) is closer to 260 nm, or B9500 cm�1 above D0 for
channel (I). Secondary dissociation is only possible for the
subset of acetyl radicals formed with EINT greater than the
barrier, which is determined by the dynamics of the primary
dissociation process. Acetyl radicals are primarily formed on
the T1 surface, which partitions most of the available energy
into translation. In the threshold wavelength range 286–295 nm,
values of hEINTi are 1300–2000 cm�1, and the distributions are
characterized by sET of 700–1000 cm�1. That is, at best, only the
subset of acetyl radicals with EINT more than three standard
deviations from the mean have enough energy to dissociate,
assuming the lower barrier; at best, because EINT also contains an
unquantified contribution from the methyl partner. Consideration
of only threshold energies or wavelengths is unlikely to be
predictive for the onset of secondary dissociation, without first
understanding the energy partitioning of the primary dissociation
process. The upper panel of Fig. 10 suggests fD E B0.12 at
248 nm, which is smaller than the value of 0.30 determined by
photofragment translational spectroscopy by North et al.8 The
apparent discrepancy could arise from the time required for
acetyl to undergo unimolecular dissociation, although RRKM
calculations suggest sub-nanosecond lifetimes for acetyl with
internal energy only slightly above the barrier.

Returning to the primary dissociation of the parent acetone, time-
resolved measurements at 284 nm and 266 nm find appearance
time constants for CH3 of 42� 7 ns and 1490� 140 ps, respectively.
In contrast to acetaldehyde,37 the time-dependent CH3 speed dis-
tributions are unimodal and, in all regards, bear the hallmark of
dissociation occurring exclusively on the T1 surface. In the conven-
tional view of carbonyl photochemistry, the rate limiting step for

product formation is either S1- T1 intersystem crossing, kS1!T1
ISC , or

the subsequent dissociation on the T1 surface, kT1
D . Excitation at

284 nm and 266 nm prepares the S1 state with energies 2500 cm�1

and 4900 cm�1 above the T1 barrier. RRKM calculations by Sakurai

and Kato find values of kT1
D in the range 1011–1012 s�1 and conse-

quently T1 lifetimes of only 1–10 ps.33 Dissociation once on the T1
surface is fast relative to the rate of intersystem crossing.

The CH3 appearance time constant at 266 nm is in excellent
agreement with the fluorescence lifetime ofo1.6 ns at 260 nm,11

Paper PCCP

Pu
bl

is
he

d 
on

 0
9 

Ja
nu

ar
y 

20
18

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 - 
Ir

vi
ne

 o
n 

7/
17

/2
01

8 
9:

00
:3

7 
PM

. 
View Article Online

http://dx.doi.org/10.1039/c7cp07320h


This journal is© the Owner Societies 2018 Phys. Chem. Chem. Phys., 2018, 20, 2457--2469 | 2465

implying that the loss of population from S1 is dominated by

kS1!T1
ISC . Subsequent dissociation on the T1 surface happens on a

shorter timescale, as indicated by the results of the RRKM
calculations. The rate of intersystem crossing in acetone of

kS1!T1
ISC ¼ 0:67� 0:06 ns�1 appears, therefore, to be around six

times slower than in acetaldehyde, where the CH3 appearance

time constant of 240 ps was attributed to a rate of kS1!T1
ISC ¼

4:2 ns�1 at 266 nm. The difference in intersystem crossing rates
is surprising, as the spin–orbit coupling constants are similar
and the T1 density of states is significantly greater in the larger
molecule. Computational work by Maeda et al. has addressed
the issue of slow intersystem crossing in acetone,35 showing
that there is no explicit crossing between the S1 and T1 states
near the Franck–Condon region and that the minimum energy
crossing occurs at relatively high energy.

The picosecond time-resolved imaging measurements at
266 nm suggest a small non-zero signal at t0, that could be
indicative of (minor) product formation on a still faster time-
scale. The dynamics following excitation to S1 has been the
subject of several femtosecond time-resolved measurements
using mass spectrometry, ion imaging and photoelectron
spectroscopy.27–32 While the experimental observations were
in good agreement, substantially different interpretations
were offered, with some authors proposing direct impulsive
dissociation and others arguing for a long-lived excited state.
The CH3 speed distributions are characteristic of dissociation
over a barrier, with the T1 state being the most likely candidate.
While the change in the magnitude of the T1 component with
increasing delay is clear, we are reluctant to conclude that there
is a sub-ps component based on the current experimental data.
As such, the results are consistent with the ultrafast study of
Rusteika et al., who concluded that all a-CC fission occurs on a
timescale greater than 100 ps.31 At the shortest nominal time
delay of 165 ps, the magnitude of the T1 component is small
and could be affected by inadequate subtraction of the time-
independent background or uncertainty in the absolute time delay.

At 284 nm, the T1 products appear to be formed on two
distinct timescales. As noted above, RRKM calculations suggest
a T1 lifetime of onlyB10 ps at 284 nm and dissociation once on
T1 is effectively prompt on the nanosecond timescale of the
measurements. However, unlike at 266 nm where the CH3

formation time constant is comparable to the o1.6 ns fluores-
cence lifetime, the 42 ns appearance time constant at 284 nm is
significantly longer than the comparably short fluorescence
lifetimes of 1.7 ns and 2.9 ns measured at 270 nm and 295 nm,
respectively.11 The unquantified o10 ns component is, however,
consistent with the observed fluorescence lifetimes. If the slow

formation rate of 0.024 ns�1 were due to kS1!T1
ISC , another

significantly faster non-radiative process, presumably S1 - S0
internal conversion, must be active to remove population from
S1 otherwise fluorescence would be observed. Calculations by
Favero et al. have suggested that S1 - S0 internal conversion
may be competitive with S1 - T1 intersystem crossing,36 with

similar rate constants for both processes (kS1!S0
IC ¼ 4:8 ns�1 and

kS1!T1
ISC ¼ 3:5 ns�1) and an overall S1 lifetime of around 2 ns that

is consistent with the experimentally observed fluorescence
lifetime. The ps time-resolved time-of-flight spectra obtained
also provide some experimental evidence to support competitive
internal conversion at 266 nm. The parent ion signal increases
in magnitude for Dt 4 0 with a time constant of 3.7 � 2.1 ns,
suggesting population transfer to a state that is ionized with
greater efficiency with a rate of 0.27 � 0.15 ns�1. Internal
conversion to form hot S0 is more likely than T1, since the latter
should dissociate on a B1 ps timescale.

An intersystem crossing rate of kS1!T1
ISC � 0:3 ns�1 would be

fast enough to account for the significant T1 component
observed in the CH3 speed distributions at short delays, which
has reached half its maximum by Dt = +10 ns. At longer time
delays, the CH3 speed distributions remain characteristic of
dissociation on T1, as shown in Fig. 5, with no time-dependent
evolution of either hvi or sv. The slow increase in the CH3 signal
could be explained by a two-step mechanism in which population

is first transferred from S1 - S0 with rate k
S1!S0
IC and sub-

sequently from S0 - T1 with rate kS0!T1
ISC . Rapid dissociation on

the T1 surface follows. If depopulation of S1 via k
S1!S0
IC is indeed

comparable to kS1!T1
ISC , the observed slow appearance time

constant would be attributable to the rate of S0 - T1 inter-
system crossing. The proposed sequential S1 - S0 - T1

mechanism for slow formation of radical products on T1 at
284 nm relies on the viability of the S0 state to act as a
temporary population reservoir, with a surprisingly long life-
time on the order of several tens of nanoseconds. Unimolecular
dissociation on S0 to CH3 + CH3CO would lead to a statistical
component in the ET distribution, analogous to that observed at
l 4 306 nm where the T1 mechanism is inaccessible, but is not
observed.19 Once on the S0 surface, several other pathways are
likely to be competitive with the proposed intersystem crossing
to the T1 surface. Isomerization to propen-2-ol is also accessible,
although the constancy of the speed distributions as a function
of delay time suggest that the slow onset is unlikely to be due to
dissociation of this species. Dissociation channels on S0 that
lead to molecular products such as ketene, as will be discussed
below, would also be open. We note that CH2CO

+ is not
observed in the picosecond time-dependent mass spectra at
266 nm, which is consistent with hot S0 produced via internal
conversion having a relatively long lifetime. Variational transition
state theory calculations to characterize the lifetime of hot S0
would be helpful.

An alternative interpretation for the time dependence following
photolysis at 284 nm is that the o10 ns component results from
fast S1 - T1 intersystem crossing, but the slower growth is due to
another process, such as secondary dissociation of hot CH3CO.
For this to be the case, the ET distribution would have to be
indistinguishable from that which results from dissociation on
T1. Unimolecular decomposition of CH3CO also occurs over a
barrier, although the reverse barrier height of 1680–2660 cm�1

is smaller than that on the acetone T1 surface of 3670 cm�1.44,45

Consequently, the ET distributions resulting from hot CH3CO
dissociation would be broader and peak at lower average ET than
those observed for dissociation of the parent molecule on T1,
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and a time-dependent evolution of the shape would be expected.
Furthermore, secondary dissociation of hot CH3CO would lead to
an enhancement of CH3 over CH3CO, an effect that is not
observed in the PHOFEX spectra until l o 260 nm.

2. Molecular channel: CH2CO + CH4

To the best of our knowledge, the molecular channel (III) has
not been identified previously after photolysis of acetone in
the first absorption band, although it has been suggested as a
minor channel that accounts forr0.02 of the overall photolysis
yield at 193 nm.5 North et al. noted that no signal attributable
to CH4 or CH2CO was observed in their PTS experiments at
193 nm, but did not comment explicitly comment on this
channel at 248 nm.8 The absolute photoionization cross sections
for methyl and ketene near 118 nm and the channel (I) quantum
yield at l4 279 nm are known, allowing the yield of channel (III)
to be estimated. The PHOFEX spectra shown in Fig. 10 have been
scaled such that that FI = 0.6 at 280 nm, consistent with previous
measurements.3 The quantum yield of channel (III) products is
not insignificant; it approaches half that of channel (I) across
the first absorption band, and reaching a surprisingly large
maximum value of FIII E 0.3 at 278 nm. The estimated ketene
quantum yield relies on the assumption that internal excitation
does not significantly affect the photoionization cross section
and consequently the detection sensitivity. The translational
energy distributions shown in Fig. 4 indicate that the molecular
products are formed with significant internal excitation, which
may enhance the photoionization cross section. A more reliable
determination of the ketene quantum yield will require better
characterization of the detection sensitivity dependence on the
degree of internal excitation.

Although 3CH2CO is energetically accessible at the photo-
lysis wavelengths used (the threshold is o379 nm), we rule it
out as a possible product. First the ET distributions, particularly
at longer photolysis wavelengths (see Fig. 4), extend far beyond
the reduced value of ET,max that would result from electronic
excitation of ketene. Secondly, although hEINTi is larger than the
energy required to form 3CH2CO, the spread in the distribution
characterized by sET means that the distributions extend signifi-
cantly below the triplet origin. This effect is compounded when
one recalls that the EINT distributions are sums over both the
detected and undetected fragments. Any internal excitation of
the CH4 co-fragment would reduce EINT(CH2CO) even further
below the triplet energy. Secondary dissociation of acetyl radicals
to form CH2CO + H can also be ruled out on energetic grounds.
Loss of a hydrogen atom from acetyl requires EINT 4 14700 cm�1,
placing the threshold wavelength near 229 nm. At the shortest
photolysis wavelength of 236 nm, the value of hEINTi for both CH3

and CH3CO of around 10000 cm�1 falls short of the energy
required. We conclude that CH2CO is formed in its singlet ground
state, and is not a product of a secondary dissociation.

Dissociation to form molecular products in organic carbonyls
can occur on the S0 surface following internal conversion; such
pathways are well known in formaldehyde and acetaldehyde, and
proceed via tight transition states at energies near the onset
of the radical channels.46 Infrared multiphoton dissociation

(IRMPD) of acetone under collision-free conditions showed
no evidence of ketene formation.47 Ketene has been identified
as a major product of acetone pyrolysis under collisional
conditions, likely due to secondary reactions.48 The absence
of ketene in the collision-free IRMPD experiments suggests that
the barrier to dissociation on S0 is significantly higher than the
28 920 cm�1 threshold for breaking a C–C bond to form radical
products while the observation of CH2CO at 308 nm suggests
an upper limit of 32 470 cm�1. The product energy partitioning,
however, argue against dissociation via a conventional transition
state on S0. As clearly demonstrated by the radical product
formation on the T1 surface, dissociation over a barrier effectively
partitions EAVL into translation (fT E 0.8 for methyl and acetyl
near the T1 barrier). Yet for ketene, hETi values in the range 5500–
9300 cm�1 mean that fT E 0.2, which is too small for dissociation
over a high barrier. Alternatively, the modest values of hETi could
instead be interpreted as indicating a reverse barrier of a similar
height; that is, it would imply a barrier on S0 for dissociation to
molecular products of around 13000 cm�1, significantly lower
than the C–C bond dissociation energy. The failure then to
observe CH2CO as a product in the IRMPD work would be even
more surprising, as this pathway would be by far the lowest
energy route to dissociation in acetone.

The supposed existence of high barriers on S0 for dissociation
of acetone to form CH2CO + CH4 is confirmed by ab initio
calculations characterizing the transition state.49 We have
also identified an analogous transition state for unimolecular
dissociation from the tautomer propen-2-ol. Attempts to
identify equivalent transition states on the T1 surface were
unsuccessful. Kable and co-workers have presented evidence
for phototautomerization to form vinyl alcohol from acetaldehyde
following excitation in the near-UV and internal conversion
to S0.

50,51 The equivalent tautomerization of acetone to form
propen-2-ol on S0 has been calculated to have a barrier of
24 820 cm�1,35 and consequently is accessible at all excitation
wavelengths. Optimized geometries of the transition states for
dissociation of acetone and propen-2-ol have been calculated
at the MP2/def2-SVP level of theory using the MOLPRO
2012.1 quantum chemistry package,49 while intrinsic reaction
coordinate calculations, shown in Fig. 11, confirm that the
transition states connect the expected reactants and product
species. Relative to the channel (III) products, the reverse barrier
heights are large and comparable: 24 000 cm�1 for acetone and
29 000 cm�1 for propen-2-ol. Dissociation of either tautomer via
either of these conventional transition states on S0 would
partition a large fraction of the available energy into translation,
a signature that is absent from the experimental data. At this
level of theory, the threshold wavelength for the molecular
dissociation channel in propen-2-ol is predicted to be around
267 nm.

A second mechanism known to lead to molecular products
in the photochemistry of organic carbonyls is roaming.52–55

Roaming in formaldehyde (or acetaldehyde) results in the
formation of and highly internally excited H2 (or CH4), in
conjunction with low-J CO, contrasting with the conventional
S0 transition state mechanism, which results in high-J CO and
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significant translational energy release.56–58 Goncharov et al.
have identified signatures consistent with an analogous
roaming mechanism in the photochemistry of acetone, finding
J-dependent bimodal CO ET distributions at 230 nm.20 The slow
component observed for low-J levels was attributed to roaming,
while the broader faster component was attributed to secondary
dissociation of internally excited CH3CO formed via channel (I).
It is not immediately clear how an intramolecular reaction
between nascent CH3 and CH3CO radicals could lead to the
CO + C2H6 products. One possibility is a three-center transition
state in which the C–C bonds in the nascent ethane and acetyl,
form and break simultaneously. The other is an SN2-like reaction,
although this mechanism is more typically observed in ion–
molecule reactions (e.g. Cl� + CH3I - ClCH3 + I�) in the gas-
phase.59 Kable and co-workers have suggested an analogous
mechanism involving H + CH3CO roaming occurs in
acetaldehyde.40 Formation of CH2CO + CH4, on the other hand,
would require a simple H-atom abstraction, akin to roaming
pathways identified in formaldehyde and acetaldehyde.52–55

Unfortunately, the current measurements do not determine
partitioning of EINT between the CH2CO and CH4 fragments,
and cannot conclusively demonstrate roaming. If roaming is
indeed the exclusive route to molecular products, then one
would expect that the intramolecular H-atom abstraction reaction
between nascent CH3 and CH3CO would lead to highly internally
excited CH4, as has been observed for the roamingmechanism in
acetaldehyde.57 Imaging the ketene products using a state-resolved
resonant ionization approach60 would be a potentially insightful
measurement, allowing characterization of the correlated internal
energy distribution of the CH4 product. Confirmation that a
roaming mechanism is responsible for the ketene-forming
channel will require theoretical support.

Conclusions

We have used single-photon universal VUV ionization to detect
molecular and radical products of acetone photolysis following
excitation to S1. PHOFEX measurements characterize the relative
yields of the radical products, methyl and acetyl, and themolecular
product ketene across a broad range of wavelengths. Ketene is
formed with non-negligible yield. The observed partitioning of
the available energy in ketene determined from ion imaging
measurements is incompatible with dissociation over relatively
high barriers on S0, instead a roaming mechanism involving
frustrated dissociation to the radical products CH3 + CH3CO
and subsequent intramolecular H-atom abstraction is proposed.
The formation of radical products occurs primarily on the T1
surface once sufficient energy is available to overcome the
barrier, although there is evidence of statistical dissociation
on S0 at longer wavelengths. Picosecond time-resolved imaging
at 266 nm reveals that the radical products are formed exclusively
on T1 and characterize the rate of intersystem crossing, which is
significantly slower than in acetaldehyde. Slow formation on T1 at
284 nm is reconciled with a significantly shorter fluorescence
lifetime by a proposed two-step mechanism in which the S0 state
acts as a temporary population reservoir, prior to intersystem
crossing to the T1 surface upon which dissociation can
occur rapidly.
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