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Abstract

The high-resolution time resolved Fourier transformed IR spectroscopy is used here to measure the emitted spectra of the CO fragment
resulting from the photolysis of acetone by 193 nm excimer laser. A high-resolution IR spectra in the range of 1950–2250 cm−1, is assigned
to be CO ro-vibrational transition. The vibrational population of the first four vibrational levels were obtained by simulating of these spectra.
The vibrational temperatureTVib. of the CO was found to be 2250± 70 K as given from the Boltzmann plot. Moreover, the Boltzmann
distribution was found to fit the rotational degrees of freedom yielding a characteristic temperatureTRot. of the CO of about 2250 K in the
case of low relaxation and 1�s time delay experiment. The prior distribution model was found to predict the vibrational and rotational
energies lower than the measured values. While the impulsive model predicts higher values, the statistical adiabatic model used here was
found to predict values forET, EVib., ERot. according well with the measured experimental values.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

As the simplest ketone, acetone has long been used as
prototype for studying of photophysics and photochemistry
of this important class of carbonyl compounds. Photolysis
proceeding via�-bond cleavage (Norrish I) is most studied
of the photochemical processes[1].

At sufficiently high excitation energies, acetone represents
a prototypical three body dissociation process involving the
cleavage of two identical chemical bonds of dynamical in-
terest is extended to which the two bond breaking steps are
energetically and temporally coupled.

Recent studies on the photodissociation dynamics of ace-
tone, showed that the sequence of events leading to the
three asymptotically separated fragments is still largely un-
resolved. The review of Lee and Lewis[2] summarized most
of the photochemical research from the pre-laser era.

Baba et al.[3] measured the yield of acetone fragment
ions following multiphoton excitation by an ArF excimer
laser at 193 nm, the power dependence of the acetyl ion
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signal (m/e = 43) suggested that the ion was produced as
a result of absorption of the laser radiation by a relatively
long-lived neutral acetyl fragment. They considered this re-
sult as an evidence of a sequential bond rupture mechanism.
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 intersys-
tem crossing to the Cs�3�∗ configuration via out-of-plane
motion [4,5]. Consequently, excited state dissociation can
proceed over a small barrier caused by an avoided crossing
on the T1 surface. This barrier height has been measured by
Zuckermann et al.[6] who observed a pronounced decrease
in the fluorescence emission at 305.8 nm. The excimer laser
operating at 193 nm ArF transition is used to photodissoci-
ate acetone because the acetone absorption cross-section at
193 nm is large (2× 10−18 cm2) [3].

Brouard et al.[7] measured the quantum yields for the
various dissociation pathways following 193 nm excitation.
For acetone the dominant fragmentation is(CH3)2CO→
CH3+ CO+ CH3, with a quantum yield of 0.96.

Excitation at 248 nm resulted in the production of CH3 and
CH3CO. The nascent acetyl radicals from the primary dis-
sociation contain sufficient energy to undergo spontaneous
decomposition[8].
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Potzinger et al.[9] photolyzed acetone at 185 nm with
a low-pressure mercury arc and determined quantum yield
Φ of final products to be∼1 for CO and∼0.95 for C2H6.
Gandini and Hackett[10] found that the quantum yield for
carbon monoxide production in the region 255–280 nm was
unaffected by the addition of several hundred Torr of an
inert bath gas and concluded that the direct route to car-
bon monoxide production was most likely. Donaldson and
Leone[11] have detected the infrared emission as a function
of time from the excited CH3 and CO resulting from the
193 nm photolysis of acetone, their results strongly suggests
that the three body dissociation occurs via a two step mech-
anism, rather than a vigorously concerted process. Wood-
bridge et al.[12] have been studied the photophysics and
photochemistry of acetone excited to its lowest1(n, ∗�) ex-
cited state at wavelengths longer than 200 nm, the primary
photoproducts of acetone in this special region are CH3 and
CH3CO, with a strong dependence on pressure, tempera-
ture and excitation wavelength. At low pressures, dissocia-
tion primary occurs from vibrationally excited levels of the
strongly mixed1(n, ∗�) and3(n, ∗�) states. At higher pres-
sures, there is a temperature dependent dissociation of both
the vibrationally relaxed triplet and the acetyl radical to yield
a second methyl radical and CO. The only temporally re-
solved studies on the 3S Rydberg state are those by Buzza
et al. [13] who used femtosecond laser pulses at 585 nm to
induce a three photon absorption to the 3S Rydberg state,
followed by two photon ionization at the same wavelength
to monitor the mass-resolved dynamics of the acetyl radical.

Zewail and coworkers[14] measured the lifetime of the
4S Rydberg state in acetone using femtosecond REMPI laser
following two photon excitation at 307 and 280 nm. Kim
and Zewail[15] also examined the dissociation of acetyl as
the secondary step in several asymmetric ketones. Ultrafast
deep UV mass-resolved photoionization spectroscopy has
been used to investigate the photodissociation dynamics of
the 3S Rydberg state of acetone. Single photon excitation
at 193–195 nm is followed by single photon at 260 nm and
two photons at 390 nm ionization. The signals are measured
for both the acetone and acetone photoions[16].

Shibata et al.[17] measured the ion images of the acetyl
radical as a function of pump-probe time delay. The time
resolved FT-IR spectroscopy was used to account for the
time sequences of the photolysis of acetone by 193 nm ex-
cimer laser pulses for different delay times (2, 10, 20, 30,
and 50�s) by Badr et al.[18]. In the present work the time
resolved FT-IR spectroscopy are used to account for the
photolysis of acetone by 193 nm excimer laser pulses. aim-
ing to account for the possibility of resolving the IR spectra
as detected by the previous work.

2. Experiment

The time-resolved Fourier transform IR has been de-
scribed in detail previously[19]. Some modifications have

been made for these experiments: (1) the IR source is re-
placed by the emission from the fragments resulting from
the photodissociation by the laser; (2) the function gen-
erator in the (TR-SS) is replaced by the delay generator,
which consists of a function generator (Stanford research
system, Model DS 345, 30 MHz) connected to a delay unit
(Stanford research system, Model DG 535). This set-up
gives two signals which are delayed from each other by
sub-microseconds. The delayed signal is given to the FT-IR
(Bruker IFS 66V) spectrometer, while the original one is
given to the external trigger of the 193 nm ArF excimer
laser (Lambda Physics) via a light-emitting diode. The pho-
tolysis mixture, consisting of either acetone or acetone and
helium are introduced to the photolysis chamber[20]. The
ArF excimer laser pulses pass through the chamber and
photolyze acetone. Time-resolved IR vibrational emissions
from vibrationally excited photofragments produced by the
dissociation are detected through the TR-FT-IR.

3. Results

3.1. The vibration–rotation spectrum of CO

The time resolved emission FT-IR is a high-resolution
technique because it allows us to resolve the emitted spectra
of the molecules over a broad wavelengths range in a rel-
atively short period of time. Such a high-resolution spectra
can be analyzed directly to obtain the ro-vibrational state
populations. When a mixture of acetone and He photodis-
sociated by 193 nm excimer laser pulses acetone undergoes
dissociation to vibrationally excited CO and two CH3 radi-
cals. The presence of He buffer gas serves as a rotationally
relax photoproducts on a short period of time.

Three experiments were done: 0.1 Torr acetone and
10 Torr He, 0.2 Torr acetone and 30 Torr He, 0.15 Torr ace-
tone under the same conditions, laser power (4.2 MW/cm2)
and time delay 10�s.

The emission spectra in the (1950–2250 cm−1) region rev-
els the ro-vibrational bands of CO molecule. At least three
vibrational levels are populated in CO molecule. The cou-
pling between (P and R) branches of the (vibration–rotation)
spectra takes place in the experimental spectra of CO; so
to resolve this spectrum we should “simulate” the experi-
mental spectra theoretically. The simulated spectra resulted
from plotting the intensity per vibrationally excited molecule
versus the frequency of the individual transition. To deter-
mine the relative vibrational populations, we simply mea-
sured the areas of the peaks, dividing it by the appropriate
Einstein spontaneous emission coefficient, and sum over the
vibrational states. Einstein coefficients were calculated us-
ing methods and constants given in reference[21]. Only the
lines that are fully resolved in all the three levels are used for
such analysis. The areas of the peaks calculated after Gaus-
sian fitting for every rotational line. The row spectra obtained
are a convolution of the actual emission intensity with the
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Fig. 1. A comparison of the observed and simulated spectra (upper spec-
tra) the experimental spectrum of CO emission obtained from the pho-
todissociation of 0.1 Torr acetone and 10 Torr He by the 193 nm excimer
laser at time delay 10 �s (lower spectrum) the simulated spectrum of CO
at rotation temperature 300 K.

response function of the detector, the transmission/reflection
functions of all the optics, and the black body background.
To correct the spectra, a very high (S/N) ratio spectrum is
taken without pulsing the laser. The raw spectra are then
divided by this instrumental response function to obtain a
spectrum that reflects the true emission.

Fig. 1 shows the optimized spectral simulations accord-
ing to our calculations. The higher spectrum (a) is the ex-
perimental rotational vibrational spectrum of CO molecule
resulting from the photodissociation of 0.1 Torr acetone and
10 Torr He at time delay 10 �s after the 193 nm excimer
laser with power (4.2 MW/cm2) pulse. The lower spectrum
(b) represents the rotation vibration simulated spectrum of
CO. The vibrational population of the first four vibrational
levels of CO molecule can be calculated from both the ex-
perimentally obtained fully resolved rotational lines and the
simulated ones.

Table 1 gives the vibrational populations of the first four
vibrational energy levels of CO molecule resulting from the
photodissociation of the above three experiments.

3.2. The rotational temperature of CO molecule

In the presence of He in the photolysis mixture, the S/N
ratio is expected to be very low (poor) consequently; it will

Table 1
The vibrational population distributions for the CO molecule obtained
from the photodissociation of 0.1 Torr acetone and 10 Torr He (Exp(I)),
0.2 Torr acetone and 30 Torr He (Exp(II)), and 0.15 Torr acetone (Exp(III))
by the 193 nm excimer laser (4.2 MW/cm2) at time delay 10 �s

Vibrational
population

Exp(I) Exp(II) Exp(III)

P(f1) 0.783 ± 0.02 0.78 ± 0.02 0.784 ± 0.02
P(f2) 0.174 ± 0.006 0.175 ± 0.006 0.177 ± 0.006
P(f3) 0.034 ± 0.006 0.037 ± 0.006 0.03 ± 0.006
P(f4) 0.009 ± 0.001 0.008 ± 0.002 0.009 ± 0.001

be nearly impossible to obtain good-resolved rotational lines
for each individual vibrational state. Moreover many of the
bands in the spectra are overlapped, containing contributions
from two or three excited vibrational levels. In addition to the
first excited level (v = 1) whereas the rotational lines in the
vibrational state (v) can be used to determine the rotational
temperature using the Boltzmann’s rotational plot. Since the
thermal rotational distribution within a single vibrational
levels is given by the Boltzmann’s expression in equation:

I
(v→v−1)
(J→J−I)(νT )=

h2c2ν4
T S

P,R
J A(v→v−1)Bv

KTν3
(v→v−1)

× exp

(−hc(BvJ(J + 1)

KTR

)

where A(v→v−1) is the Einstein coefficient for the sponta-
neous emission, h the Planck’ s constant, c the speed of light,
S
P,R
J the Honl–London factor, υ(v→v−1) the frequency of the

band origin in cm−1, υ(v→v−1)=E(v) − E(v−1)) where Ev
and E(v−1) are the vibration energies of v and v− 1 states.
This equation can be rearranged for the vibrational transi-
tion (v = 1→ v = 0):

ln I(J←J+1) = C +
(
−hcB1J(J + 1)

KTR

)

where C = h2c2ν4
T S

P,R
J A(1→0)B1

KTν3
(1→0)

Plotting the relationship between the natural logarithm of
the intensity of the rotational lines transition and J(J + 1)
a straight line was obtained for a Boltzmann’s distribution
with a slope {hcB1/kTR}.

Fig. 2 shows the transition intensities of the rotational
lines of CO molecule resulting from the photodissoci-
ation of 0.1 Torr acetone by 193 nm excimer laser with
power (4.2 MW/cm2) at time delay 1 �s between the FT-IR
0.4 cm−1 resolution and the laser at different values of J.

Using the Boltzmann’s plot the rotational temperature was
found to be (TR = 2250 K). The average energy contained
in the rotational degrees of freedom can be calculated for
the rotational temperature (TR) using the following relation
[22]:

ER = 3
2 kTR (for a non-linear polyatomic molecule)
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Fig. 2. Shows the relation between the transition intensities of the ro-
tational lines of CO molecule resulting from the photodissociation of
0.1 Torr acetone by 193 nm excimer laser with power 4.2 MW/cm2 at time
delay 1 �s between the FT-IR (0.4 cm−1 resolution) and the laser.

ER = kTR (for a linear polyatomic and diatomic molecule)

The rotational energy of CO molecule was found to be
(4.46 kcal/mol).

3.3. Surprisal analysis

For the interpretation of the distribution of energy P(fv)
we need to consider the fact that many different collisions
can result in a specific vibrational states. Consequently, we
need to find out the fraction of all possible final states for
vibrational state (v), we designate this fraction by P0(fv), if
all states of the products are equally probable (formed with
the same rate) then P(fv) = P0(fv). If there is some specific
disposal of energy then the rate of populating the states will
not be simply proportional to P0(fv) and the two distribu-
tions will not be identical, so P0(fv) serves as a reference
against which P(fv) is compared, because the statistical dis-
tribution is the most probable result in the absence of any
constraints [23].

The overall deviance from the statistical is measured by
the entropy deficiency while the deviance of a particular
result (the local deviance) is characterized by the surprisal
[24].

Nonstatistical effects can often be represented as a linear
surprisal deviation from the information theoritic prior.

Therefore

P(fv) = P0(fv) exp− λ0 − λvfv
where P(fv) is the probability of the molecule being in
state (v), P0(fv) is the statistical vibrational probability for
the same state [25], fv = (Ev/Eavl) is the fraction of the
available energy in state (v), Ev is the vibrational energy in
state (v), and Eavl is the available energy, λv is the vibrational
surprisal parameter, and λ0 the normalization parameter.

Table 2
The surprisal parameters, the surprisal plots intercepts, and the vibrational
energies, for the CO molecule obtained from the photodissociation of
0.1 Torr acetone and 10 Torr He (Exp(I)), 0.2 Torr acetone and 30 Torr He
(Exp(II)), and 0.15 Torr acetone (Exp(III)) by the 193 nm excimer laser
(4.2 MW/cm2) at time delay 10 �s

Vibration population Exp(I) Exp(II) Exp(III)

λv −11.44 −11.84 −11
λ0 −1.263 −1.274 −1.246
Ev (kcal/mol) 2.226 2.284 2.189

The photodissociation of the three mixtures of acetone
and He gases with pressures I (0.1 Torr acetone and 10 Torr
He), II (0.2 Torr acetone and 30 Torr He), or III (0.15 Torr
acetone) by 193 nm excimer laser with power (4.2 MW/cm2)
at time delay 10 �s produces vibrationally excited CO
molecule. The populations of the four vibrational levels are
given in Table 2.

The surprisal plots −ln[P(fv)/P0(fv)] versus fv for the
three experiments are shown in Fig. 3. A linear surprisal plot
with slop λv were obtained and the extrapolation to fv = 0
gives an estimate of the dark v = 0 population required to
normalize the total vibrational energy distributions. Table 2
summarizes the vibrational surprisal parameter λv, the nor-
malization parameter λ0, and the vibrational energies for
experiments (I, II, and III).
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Fig. 3. The surprisal plots for the fraction of the available energy of
CO molecule obtained from the photodissociation of 0.1 Torr acetone and
10 Torr He (Exp(I)), 0.2 Torr acetone and 30 Torr He (Exp(II)), from the
bottom, and 0.15 Torr acetone (Exp(III)) by the 193 nm excimer laser
(4.2 MW/cm2) at time delay 10 �s.



Y. Badr et al. / Journal of Photochemistry and Photobiology A: Chemistry 168 (2004) 31–38 35

Table 3
The vibrational population distributions for the vibrational levels of CO
molecule (v = 0, 1, 2, 3, 4) obtained from the photodissociation of
0.1 Torr acetone and 10 Torr He (Exp(I)), 0.2 Torr acetone and 30 Torr He
(Exp(II)), and 0.15 Torr acetone (Exp(III)) by the 193 nm excimer laser
(4.2 MW/cm2) at time delay 10 �s

Vibration population Exp(I) Exp(II) Exp(III)

N(v0) 0.717 0.712 0.72
N(v1) 0.22 0.224 0.219
N(v2) 0.049 0.05 0.049
N(v3) 0.0095 0.01 0.0084
N(v4) 0.0027 0.0029 0.00246

Tvib. (K) 2245 ± 70 2270 ± 75 2200 ± 80

The vibrational population distributions for the first four
vibrational levels of CO molecule in addition to the dark
population for the photodissociation of the three mixtures
by the 193 nm excimer laser (4.2 MW/cm2) at time delay
10 �s and the vibrational temperature are given in Table 3.

3.4. The vibrational temperature of CO molecule

The intensity of the emitted radiation depends on the pop-
ulation of molecules in the higher vibrational energy levels,
following the Boltzmann’s distribution:

Nv = N0 exp−
(
�Ev

KTv

)

where Tv is the vibrational temperature, �Ev is the energy
difference between the upper and lower vibrational states:

So the Boltzmann’s relation becomes:
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Fig. 4. The Boltzmann’s plots for CO bond vibration resulting from the
photodissociation of 0.1 Torr acetone and 10 Torr He (Exp(I)), 0.2 Torr
acetone and 30 Torr He (Exp(II)), and 0.15 Torr acetone (Exp(III)) by the
193 nm excimer laser at time delay 10 �s from the bottom.

lnNv = lnN0 −
(
(3212.85)v

Tv

)

plotting the relationship between (ln Nv) versus the vibra-
tional number straight lines were obtained for a Boltzmann’s
population with a slope (3212.85/Tv). This slope can be used
to determine the vibrational temperature. The vibrational
temperature of CO molecule resulting from the photodisso-
ciation of a mixtures from 0.1 Torr acetone and 10 Torr He,
0.2 Torr acetone and 30 Torr He, and 0.15 Torr He gases by
193 nm excimer laser (4.2 MW/cm2) at time delay 10 �s,
were determined here by Boltzmann’s plots.

Plotting the relationship between the natural logarithm of
the vibrational populations in Table 3 and the vibrational
number straight lines were obtained for the three mixtures.
The vibrational populations were found to be strongly de-
creasing with increasing the vibrational number resembling
the Boltzmann’s distribution as seen in Fig. 4.

4. Theoretical models

4.1. Prior distribution model

The prior distribution model, applied by Hall et al. [25]
based on the rigid rotor harmonic oscillator (RRHO) ap-
proximation for the photodissociation of a general non linear
polyatomic molecules to a linear or a non linear polyatomic
molecules [26].

The theoretical approach to the construction the prior
function has much in common with the application of sta-
tistical theories of the unimolecular dissociation [27,28].

On applying this model on the sequential photolysis of
acetone by 193 nm photon, the available energy of the first
is (63.4 kcal/mol), this energy undergoes distribution among
acetyl and methyl fragments. The average fractions of the
available energies in these fragments vibration are given by

< f
v

CH3CO >= Γ 22.5

Γ 12Γ 10.5

∫ 1

0
f 9.5

v
(1− f

v
)12 df

v
(1.1)

< f
v

CH3 >= Γ 22.5

Γ 6Γ 16.6

∫ 1

0
f 6

v
(1− f

v
)15.5 df

v
(1.2)

where the fraction of the available energy in vibration fv is
the ratio of the average vibrational energy and the available
energy. So, the average vibrational energies of acetyl and
methyl fragments are (33.8 and 8.45 kcal/mol).

The fraction of the available energies in the internal mo-
tions for acetyl and methyl radicals are given by

< f
I

CH3CO >= Γ 22.5

Γ 13.5Γ 9

∫ 1

0
f 13.5

I

(1− f
I

)8 df
I

(1.3)

< f
I

CH3 >= Γ 22.5

Γ 7.5Γ 15

∫ 1

0
f 7.5

I

(1− f
I

)14 df
I

(1.4)

The average internal energies of acetyl and methyl radicals
are (38 and 21.13 kcal/mol). The available energy of the
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second step is the difference between the internal energy of
the acetyl radical and bond dissociation energy of the second
(C–C) bond is (26.54 kcal/mol). The average fraction of the
available energies in vibration for the second methyl and CO
molecule are given by

< f
v

CH3 >= (s+ 4)
∫ 1

0
f
v
(1− f

v
)4 df

v
(1.5)

< f
v

CO >= 1

11
[(1− f

v
)10(1+ 10f

v
)]|fv+1
fv

(1.6)

So, vibrational energies of methyl radical and CO fragment
are (3.34 and 0.49 kcal/mol). The average fraction of the
available energies in rotation for methyl radical and CO
fragment are given by

< f
R

CH3 >= (5)
∫ 1

0
f
R

(1− f
R

)4 df
R

(1.7)

< f
R

CO >= (10)
∫ 1

0
f
R

(1− f
R

)9 df
R

(1.8)

The average rotational energies of these fragments are (4.46
and 2.73 kcal/mol).

4.2. The impulsive model

This model proposed firstly by Busch and Wilson [29]
for the photodissociation of the triatomic molecule, and
applied by Trentelman et al. [22] on the two steps photol-
ysis of acetone by 193 nm photons. In which the two C–C
bonds of acetone breaks apart due to the vibrational motion,
without general equilibration of the internal energy. These
models related the bond breaking to the forces and torques
produced between the fragments and use it to describe the
translational, vibrational, and rotational excitation in he
separating fragments.

The available energy on the fragments after breaking the
two bonds is (52.3 kcal/mol). So, the available energy in
each impulsive step is given by

Eavl(1) =
(
µC–C

mC

)
Eavl (2.1)

This energy undergoes partition among acetyl and methyl
fragments according to the masses of the recoiling carbon
atoms, so the total energies of acetyl and methyl fragments
are:

ECH3 =
(
µC–C

mC

)
Eavl(1),

ECH3CO =
(
µC–C

mC

)
Eavl(1) (2.2)

These total energies undergoes distribution among the trans-
lational, vibrational, and rotational degrees of freedom of
them. The translational energies of the acetyl and methyl
fragments are given by

ET (CH3) =
(
mC

mCH3

)
ECH3 ,

ET (CH3CO) =
(
mC

mCH3

)
ECH3CO (2.3)

So, the internal energies of the acetyl and methyl fragments
are the difference between the total energies and the trans-
lational energies of each radical (9.47 and 2.63 kcal/mol).
Now the total available energy of the second step is the sum-
mation of the internal energy of the acetyl radical and the
available energy of the second impulsive step was found to
be (35.72 kcal/mol). As in the first impulsive step the total
energy of methyl and CO fragments are (17.85 kcal/mol);
consequently the translational energies of these fragments
and by adding the translational energy of their parent acetyl
radical which is distributed among them depending on their
masses are given by:

ET
(tot)(CO) = ET (CO)+

(
mCO

mCH3CO

)
ETCH3CO (2.4)

ET
(tot)(CH3) = ET (CH3)+

(
mCH3

mCH3CO

)
ETCH3CO (2.5)

By conservation of the angular momentum, the vibrational
and rotational energies of the methyl and CO fragments
with (C–C=O) bond angle χ = (128◦) at the moment of
dissociation [30] are:

Ev(CH3) =
(

1− mC

mCH3

)
ECH3 cos2χ (2.6)

EV (CO) =
(

1− mC

mCO

)
ECO cos2χ (2.7)

ER(CH3) =
(

1− mC

mCH3

)
ECH3 sin2χ (2.8)

ER(CO) =
(

1− mC

mCO

)
ECO sin2χ (2.9)

4.3. Statistical adiabatic impulsive model

This model reflects both the impulsive model nature of
reactions and with large barriers as well as the statistical dis-
tribution of energy in addition to the barrier height [31]. The
total available energy E(tot.) for the photolysis of acetone by
193 nm photon is (63.4 kcal/mol) divided into two energy
reservoirs: one which is statistical E(stat.) and the other is im-
pulsive E(imp.). Where the statistical reservoir, is the energy
from the transition state TS up to the total available energy.
But the impulsive reservoir, is the energy of the transition
state TS relative to the ground state energy of the products.
The energy of the transition state acetyl radical has been
calculated by Mao et al. to be (18 kcal/mol) [32].

According to this model acetone undergoes photolysis
into two steps: the first step is pure impulsive to acetyl and
methyl fragments, the acetyl fragment undergoes fragmen-
tation to methyl and CO fragments in such away that the
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available energy up the TS distributed according to the prior
distribution model, but the energy of the transition state dis-
tributed according to the impulsive model.

4.3.1. First step
The available energy of this step is determined from

Eq. (2.1) to be (31.7 kcal/mol); this energy distributed
among acetyl and methyl fragments, so the total energy of
these fragments from Eq. (2.2) is (15.85 kcal/mol). This
energy undergoes distribution between translational, and
internal degrees of freedom. For acetyl and methyl frag-
ments they are (4.42 and 11.43 kcal/mol) and (12.68 and
3.17 kcal/mol), respectively, as calculated by Eq. (2.3).

4.3.2. Second step
The total available energy of the second is the summation

of the internal energy of acetyl fragment and the available
energy of the second step after neglecting the bond dissoci-
ation energy of the second C–C bond is (31.6 kcal/mol).

The impulsive reservoir: the energy of the transition state
acetyl radical (18 kcal/mol) undergoes partition among the
translational, vibrational, and rotational degrees of freedom
of methyl and CO fragments according to the impulsive
model. So, the total translational energies of these fragments
are (8.74 and 6.73 kcal/mol)as in Eqs. (2.4) and (2.5). By
the same way the vibrational and rotational energies of the
methyl and CO fragments are (0.682 and 1.12 kcal/mol) and
(1.95 and 3.19 kcal/mol), using Eqs. (2.6)–(2.9).

The statistical reservoir: the available energy for this
reservoir is (13.62 kcal/mol), this energy undergoes parti-
tion between vibrational, and rotational degrees of freedom
of methyl and CO fragments according to the prior distri-
bution model. By using Eqs. (1.5) and (1.6) the vibrational
energies of the methyl and CO fragments are (2.27 and
0.0158 kcal/mol).

So, total vibrational energies of methyl and CO fragments
from the two reservoirs are (2.95 and 1.97 kcal/mol). Sim-
ilarly, the total rotational energies of these fragments are
(3.39 and 4.43 kcal/mol) using Eqs. (1.7) and (1.8) and from
impulsive reservoir.

5. Discussion

The prior distribution model predicts the vibrational en-
ergy of the CO fragment to be (0.49 kcal/mol) which is about
one fourth the experimentally measured one (2.2 kcal/mol).
Similarly, the rotational energy is (2.43 kcal/mol) which
is about half the measured value (4.46 kcal/mol). But
the impulsive model predicts the vibrational energy of
the same fragment to be (3.87 kcal/mol) which is higher
than the measured value, While, the rotational energy is
(6.34 kcal/mol) is high in comparison with the measured
value.

The statistical adiabatic impulsive model as mentioned
above is the intermix between both the prior distribution and

Table 4
The translational, vibrational, and rotational energies of CO molecule and
methyl radicals resulting from the photodissociation of acetone by ab-
sorption of 193 nm photon calculated by the prior distribution, impulsive,
statistical adiabatic impulsive models, and the experimentally measured
values

Fragment Prior
distribution

Impulsive Statistical
adiabatic
impulsive

Experimental

Trans. CH3 – 10.5 12.68 12.1±1.9a

Vib. CH3 8.45 } 2.63 } 3.17 –
Rot. CH3 12.68 –

Trans. CO – 10.03 6.73 6.6±1.2a

Vib. CO 0.49 3.87 2 2.2
Rot. CO 2.43 6.73 4.43 4.46

Trans. CH3 – 15.56 8.74 10.5±1.9a

Vib. CH3 3.73 1.35 2.95 –
Rot. CH3 4.46 2.22 3.39 –

a Ref. [22].

the impulsive models. According to this model the vibra-
tional energy of CO fragment is about (2 kcal/mol) which
nearly equal what is measured experimentally and the rota-
tional energy is (4.43 kcal/mol) is the same as the measured
value. Also the translational energy of methyl and CO frag-
ments resulting from the photolysis of acetone by 193 nm
photons have been measured by Trentelman et al. [22], con-
sequently for CO fragment to be (6.6±1.2 kcal/mol) nearly
equals the predicted value by this model (6.73 kcal/mol).
For the primary methyl fragment is (10.5 ± 1.9 kcal/mol)
nearly equals the predicted (8.74 kcal/mol), for the sec-
ondary methyl radical the value is (12.1 ± 1.9 kcal/mol)
which nearly equals the predicted value (12.68 kcal/mol)
refer to Table 4.

Gaines et al. [33] repotted that acetone molecule absorb-
ing 193 nm photon and excited to 3S Rydberg state, where
in this state it has little excess energy of vibration 425 cm−1,
so, little vibrational redistribution occurs, the 3S Rydberg
state is predissociative and crossing the to {S1, T1} surface
is affected via motions of the C(CO)C skeleton. This results
were found to support the first impulsive step in the statisti-
cal adiabatic impulsive model which depends on the torques
and forces (little vibrational energy distribution).
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