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Through the study of photodissociation events in the CS2 molecule that originate in various selected vibrational
modes, but terminate in the same final predissociation state, we looked for the evidence that photodissociation
processes can depend on the initial conditions. Such dependence would not occur within RRKM theory,
because of its statistical assumptions. The experimental results were compared with trajectory calculations in
normal mode coordinates, in which initial conditions were given in terms of coordinates and momenta. We
have found that the photodissociation rate for events originating in the combinationν1, ν2 mode is higher
than that for events from the pureν2 mode, and shows a large variation along the vibrational progression.
The experimental observations agree with the trajectory calculations. In addition, the trajectory calculations
predict that photodissociation events initiated at small values of the vibrational coordinates result in larger
dissociation rates at low excess energy above the dissociation limit, while events from large values of the
coordinates result in larger dissociation rates at high excess energies.

I. Introduction

A dissociation process changes a molecule from bound to
unbound. As a result, the kinetic energy of the molecule nuclei
can no longer be described by a rotational energy and a
vibrational energy, as is done for a bound state. In the classical
dynamical approximation, the total energy of the molecular
nuclei can be divided into potential energy, kinetic energy, and
dissipative energy. In the case of photodissociation, the absorbed
photon energyhν is at first converted into electron energy (eq
1), which is then transformed into nuclear-motion energy (eq
2). Both of these equations include an energy dissipative term.

In the case where the statistical criterion is satisfied, the excess
energy is distributed statistically among all energy modes in a
time that is negligible compared to the unimolecular dissociation
time, the dissociation rate for the system can be predicted by
RRKM1-6 theory, and this dissociation rate is given by eq 3.

Equation 3 implies that, for a system satisfying the statistical
criterion, the dissociation rateK(E) is determined by the number
of degrees of freedomN and the amount of excess energy
available (E - E°), but is independent of initial conditions such
as the kinetic energy and coordinates before the dissociation,
and of the dynamics during the dissociation process.

In this study, we are interested in situations where the
statistical criterion is not satisfied. According to the Franck-
Condon principle, we can regard the initial conditions for the
molecular nuclei, such as internal coordinates and kinetic energy,

as unchanged during the electron transition.7 The molecular
nuclei then readjust after the electron transition is complete.
We have looked for experimental evidence that, for systems
that do not satisfy the statistical criterion, the photodissociation
process is dependent on the initial conditions. We have carried
out a number of classical trajectory calculations to trace the
effect of different initial conditions on the dissociation rate for
the ground-state potential energy surface of CS2.

For the case of a B-A-B triatomic molecule withC2V
symmetry, the potential energy surface in dimensionless normal
mode coordinatesqi

8-11 is described by eq 4.

When the motion of nuclei is represented by a classical
trajectory it is of interest to know whether the potential of the
initial state or that of the final state of the photoabsorption
process should be specified. If the initial state were to be
specified, the potential function above suggests a possible
mechanism to manipulate the path of photodissociation by
varying the initial conditions. For instance, by exciting theν1

mode, theν2 mode, or their combination modes to increase the
interaction containingq1 or q2 or their combinations, the
symmetric dissociation, that is AB2 f A + B2, can be enhanced.
Similarly, by exciting theν3 mode, the antisymmetric dissocia-
tion, that is AB2 f AB + B, can be enhanced.12

To investigate the dependence of the photodissociation rate
on the initial conditions, we carried out experiments in which
the photodissociation of CS2 is initiated from various selected
vibrational modes, but proceeds to the same final predissociation
state for dissociation. At the same time, we deduced dissociation
rates for comparison with the experimental results by performing
trajectory calculations in normal mode coordinates, in which
the initial conditions such as coordinates and momentum were
given.
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II. Trajectory Calculation

A. Methods. Tables 1 and 2 give the vibrational and force
constants (cm-1) of the X1Σg

+ state of CS2 that are used in this
calculation, represented in dimensionless normal coordinates.
The constants were obtained from the spectroscopic studies of
Liou et al.12-14 The resulting potential surface function reason-
ably describes the spectroscopic data for energies lower than
12830 cm-1 with an accuracy limit less than 2.3 cm-1.

The form of the potential surface is described in eq 4. The
classical Hamiltonian, in normal mode coordinates, takes the
form:

wherep1, p2, andp3 are the time derivatives of the dimensionless
normal coordinates. By the classical Hamiltonian equations, we
can obtain the equations of motion for the molecule in normal
mode coordinates:

which can be twice numerically integrated by the 4th order
Runge-Kutta integration method15 to yield the classical trajec-
tory in normal mode coordinates.

B. Calculations.We attempt to show, for a system with given
total energy, that the initial conditions of the system at the onset
of the photoexcitation, such as the amplitude of the initial
vibration modes, will affect the dissociation rate of the molecule.

The initial coordinateq3 is fixed at x2 for zeroq3 excita-
tion. We then select a set of initialq1, q2 values on the potential
energy surface that form a 21× 21 point square grid in theq1,
q2 plane. To determine the maximum and minimumq1 andq2

values, we arbitrarily select some value of total initial energy
E0, in this caseE0 ) 1.5, 1.10, 1.15, and 1.20. The Quadrant I
corner of the grid is selected so thatE0 ) (1/hc)V(q1,q2,q3) at
this point, where (1/hc)V(q1,q2,q3)is the potential energy surface
defined in eq 4. Due to the shape of the potential surface, we
can know that the potential energy at all other points on the
square grid will be equal to or lower than the potential energy
at this point. The difference between the initial total energyE0

and the initial potential energyEU ) (1/hc)V(q1,q2,q3) at each
point on the grid is defined as the initial kinetic energyEK at
that particular grid point.

In this series of trajectory calculations, we place the initial
kinetic energy in theq2 vibration mode p2 ) dq2/dt )

x2(E0 - EU)1/2. We then have a set of initial conditions
(q1, q2, q3, p1, p2, p3) ) (q1, q2, x2, 0, p2, 0) for each grid
point. The system is then allowed to evolve in time from that
set of initial conditions. Dissociation is said to occur when the
system crosses one of the two lower saddle points.16

Two examples of the trajectory plots are shown in Figure
1a,b. Both trajectories are calculated for a total energy of
E/hc ) 1.2, with different initial vibrational displacements of
(6.60, 0.60,x2) and (5.20, 3.58,x2), respectively.

As shown in the trajectory plots, the trajectory in Figure 1a
covers only a small part of the entire range of vibration modes,
while the trajectory in Figure 1b covers a much broader range
of q1 and q2. The implication of this difference is that a
CS2 molecule withE ) 1.2, if starting from (q1, q2, q3) )
(6.60, 0.60,x2), will not dissociate even if the energy exceeds
the dissociation energy, while a molecule with the same total
energy, if starting from (q1, q2, q3) ) (5.20, 3.58,x2), will
dissociate within a limited time.

A series of such calculations have been done at different total
energies in order to demonstrate the effects of different initial
normal mode coordinates on the dissociation rate. The dissocia-
tion rate was then plotted verses theq2, q1 normal coordinates.
Some results are given in Figure 2 and Figure 3. Figure 2 plots
the inverse of the dissociation time obtained by trajectory
calculations versus the initial values of theq1, q2 dimensionless
normal mode coordinates with total energyE/hc of 1.05, 1.10,
1.15, and 1.20, respectively.

Figure 3 is a plot of the inverse of the dissociation time
obtained by trajectory calculations versus initial values of the
q1 dimensionless normal mode coordinates with different initial

TABLE 1: Vibrational Constants of the Ì1Σg
+ State of CS2

Liou et al.12 (cm-1)

ω1 672.276
ω2 398.019
ω3 1558.680

TABLE 2: Force Constants of the Ì1Σg
+ State of CS2

Liou et al.12 (cm-1) Liou et al.12 (cm-1)

k111 -16.102 k1133 7.397
k122 39.378 k2222 1.638
k133 130.249 k2233 -14.538
k1111 0.310 k3333 3.849
k1122 -0.5066
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Figure 1. The q1-q2 dimensionless normal mode trajectories for the
CS2 molecule. The vertical axis is theq1 coordinate, the horizontal
axis is theq2 coordinate. The antisymmetric coordinateq3 is fixed at
x2. The trajectories run with the same total energyE/hc ) 1.2, but
the initial conditions are (q1, q2, q3) ) (6.60, 0.60,x2) (a) and (q1, q2,
q3) ) (5.20, 3.58,x2) (b). The initial kinetic energy is placed in the
q2 mode (i.e., initialq̆1 ) q̆3 ) 0)
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q2 coordinates from-2.1 to+2.1. The total energyE/hc is 1.2
for this plot.

As can be seen, for different total energies, that isE/hc )
1.05, 1.10, 1.15, and 1.20, respectively, from upper left to lower

right in Figure 2, a distinct band is formed, where the
dissociation rate is greatest.

When the total energy is near the energy of the saddle point
on the potential energy surface (E ∼ 1), the region with the
highest dissociation rate is in the low vibration modes, that is
to say, low initial values ofq1, q2. As the excess energy becomes
greater, the dissociation rate of the lowq2 vibration modes
becomes increasingly lower, shown as the valley region in
the plots below, and the dissociation rate at high vibration
modes becomes greater. However, if instead ofp2 ) dq2/dt )
x2(E0 - EU)1/2we tak ep1 ) dq1/dt ) x2(E0 - EU)1/2, p2 ) 0,
and q2 ) 0 as the initial conditions, the trajectory will move
along the vertical axis in Figure 1 and so does not result in
dissociation.17

For the second series of calculations, we choose several points
along several fixed potential energy contours [eq 4] on the
ground-state surface of the CS2 molecule as the initial dimen-
sionless normal coordinates. The total energyE/hc is fixed for
this calculation. The initial dimensionless normal coordinates
are found by fixing the ratio ofq1 and q2 (θ ) tan-1 q1/q2;
0 e θ e 2π), then searching outward from the equilibrium point
until the initial potential energyV(q1,q2) equals a given value
V0. The initial kinetic energyEk0, defined by the difference
between the total energyE/hc and the initial potential energy
V(q1,q2), is placed in theq2 normal mode (i.e., initialq̆1 ) q̆3 )
0, q̆2 ) xE/hc-V0). The results are plotted in Figure 4.

Figure 2. The inverse of the dissociation time obtained by trajectory calculations versus the initial values of theq1, q2 dimensionless normal mode
coordinates. The antisymmetric coordinateq3 is fixed atx2. The trajectory calculations for parts a-d were run with total energyE/hc fixed at 1.05,
1.10, 1.15, and 1.20, respectively.

Figure 3. A plot of the inverse of the dissociation time obtained by
trajectory calculations versus initial values of theq1 dimensionless
normal mode coordinate. The different lines represent different initial
q2 coordinates: empty squares represent initialq2 at -0.105, solid
circles represent initialq2 at -0.073, etc. The total energyE/hc is 1.2
for this calculation.
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Form these results it can be seen that for a classical trajectory
calculation on a potential surface defined by eq 4, there are
four directions, corresponding to the two saddle points and the
two directions opposite to the saddle points, where the inverse
of the dissociation time is greatest. The inverse of the dissocia-
tion time varies with the initial position, and is related to the
shape of the potential surface. The initial potential energy
determines the magnitude of the dissociation rate. Theq1, q2

ratio that gives the highest dissociation rate for a given total
and initial potential energy is determined by the shape of the
potential energy surface.

C. Remarks. We have shown that in classical trajectory
calculations, the rate of dissociation is highly dependent upon
both the initial total energy and the initial amplitudes of the
dimensionless normal modes of the molecule. Therefore, it is
expected that if we prepare a real CS2 molecule in highly excited
vibration-rotation states, and then excite the molecule to
dissociation energy, we will observe variations in the dissocia-
tion rate of the CS2 molecule related to the initial vibration-
rotation states.

III. Experiment

The concept of the experimental work is depicted in Figure
5.

The CS2 molecule was chosen because (1) both the interme-
diate state (0 10 0) RB2 and the highly vibrational states possess
long lifetimes, which are suitable for population preparation by
stimulated emission pumping, and (2) the spectroscopy is well
studied. The rotationally resolved energy levels of each vibra-
tional mode of the ground electronic state X1Σg

+ of CS2 from
3290 to 16370 cm-1 have been well studied by Liou et al. in
1998.12 With this information, we are able to design an
experiment that allows us to exactly excite the CS2 molecule
into any chosen vibrational mode of the ground electronic state
by stimulated emission pumping (SEP) spectroscopy techniques.
We can prepare a certain vibrational mode population to be the
initial state and then excite the prepared molecules to a common
predissociation band,Σ0

g of the 1B2(1Σu
+)state, to begin dis-

sociation. This has been reported previously by Liou et al.12

using florescence as the detection scheme.

Our experimental setup using ion fragments as the detection
scheme is depicted in Figure 6.

The experimental apparatus consists of three tunable dye-
laser sources, a vacuum system, a molecular beam system, a
TOF mass spectrometer, and a computer system for data
acquisition. The laser system consists of one Nd:YAG laser
(continuum PL 9030) system, from which the simultaneously
lasing SHG (532 nm, 1.8 w) and THG (355 nm, 1.6 w) outputs
were used to pump dye laser No. 1 (Lambda Physik FL 3002E)
and Dye laser No. 2 (Lambda Physik FL 3002E), respectively.
The laser dye Pyridine 1 was used for dye laser No. 1, and its
output is red light (around 687 nm). This fundamental light was
frequency doubled by a FL30 crystal to generate UV light
(around 343 nm), denoted as the E-photon. The laser dyes
Coumarin 102, 307, 153 and Rhodamine 6G were used for dye
laser No. 2, with outputs ranging from 465 to 576 nm, denoted
as the S-photon. The SHG lasing output (355 nm, 1.6 W) of
another Nd:YAG laser (continuum NY-81-30) system was used
to pump dye laser No. 3 (Lambda Physik FL 3002E). The dyes
Coumarin 307 and 153 were used in dye laser No. 3 to generate
fundamental light, with a range from 500 to 558 nm. This
fundamental light was frequency doubled by a BBO1 crystal
to generate UV output in the range from 250 to 279 nm. We
denote this UV output of dye laser No. 3 as the D-photon.

The vacuum chamber consists of three major parts: source
chamber, reaction chamber, and flight tube. A Blazer WKD 410
roots pump, connected to the source chamber, maintains the
background pressure at 30 mTorr. A turbo pump of inlet
diameteræ ) 8 in. is connected to the reaction chamber to keep
the pressure at 10-6 Torr throughout the experiment. Another
turbo pump, inlet diameteræ ) 6 in., is used to keep the flight
tube at a pressure of 10-7 Torr. The sample we used is analytical
grade CS2 (99.9%) obtained from Fluka, and was used without
further purification. CS2 vapor at room temperature was allowed

Figure 4. A plot of the inverse of the dissociation time obtained by
trajectory calculations versus the arctangent of the initial ratio of the
q1 andq2 dimensionless normal mode coordinates. The initial dimen-
sionless normal mode coordinates are situated on fixed potential energy
curves. The different lines represent different initial potential energy
curves: empty squares correspond to an initial potentialV of -0.844,
solid circles represent an initialV of -0.333, etc. The total energy
E/hc is 1.1 for this calculation.

Figure 5. Energy diagram of CS2 for (1 + 1 + 1) + 1 three-color
multiphoton resonant ionization. The initial state population is prepared
by stimulated emission pumping to a selected high vibrational state of
the electronic ground state. The frequency of the third photon is scanned
to excite the molecule to the predissociation state, then followed by
absorption of another photon at the same frequency to ionize the parent
molecule or fragments.

Mode-Selected Photodissociation of CS2 J. Phys. Chem. A, Vol. 110, No. 13, 20064613



to mix with a carrier gas of helium at 20 PSI, and then was
expanded into the source chamber through a general valve
(parker). The molecular beam is skimmed by a conical skimmer
(diameteræ ) 1 mm) before flying into the reaction chamber.
The distance between the tip of the skimmer and the beam
nozzle is 2.5 mm.

The E-photon and S-photon laser beams were introduced
coaxially and counter-propagating, having both been focused
by a 40 cm converging lens before entering the reaction
chamber, with the S-photon delayed relative to the E-photon
by 8 ns. The laser light beams are introduced through two
Brewster windows, orientated so that the polarization of the light
entering the reaction chamber is perpendicular to the molecular
beam flight path (vertical polarization). The laser beams cross
the molecular beam at the center of the chamber. The D-photon
is propagated through the same path as the S-photon. Two
synchronized pulse generators (DG 535, Stanford) are used to
externally trigger the two Nd:YAG lasers. By adjusting the
trigger time of each pulse generator, we set the D-photon to be
delayed relative to the E-photon by 20 ns.

As shown in Figure 5, we used the E-photon to excite the
CS2 molecule up to a chosen rotational level (a chosenJ level)
of the (0 10 0) RB2 state. Then we used the S-photon to transfer
the CS2 molecule down to one highly excited vibrational state
of the electronic ground state via stimulated emission. Due to
rotational selectivity, the S-photon can only transfer the molecule
to the ∆J ) 0, (1 rotational levels. Due to the symmetry of
the CS2 molecule, only the R-branch (∆J ) -1) and P-branch
(∆J ) +1) transitions appear. In our experiment we select the
∆J ) +1, P-branch for study. By the above-mentioned SEP

method, we can prepare the CS2 molecule in one rotational level
of any highly excited vibrational state of the electronic ground
state, which we take to be the new initial state. By use of the
D-photon, we excite the CS2 molecule from the new initial state
we have prepared to the energy level at 47562 cm-1, i.e., to the
Σ0

g predissociation state, for further dissociation. We also
diverted a fixed percentage of the fundamental light of dye laser
No. 3 into I2 vapor. An I2 LIF spectrum was recorded
simultaneously with each CS2 ion spectrum to determine the
real wavelength of the D-photon.

Behind the reaction chamber we set up a TOF (time-of-flight)
mass spectrometer. The length of the flight tube is 90 cm with
an MCP at the end to detect ions. In our experiment, four major
ionic species, which can be identified as S+, CS+, S2

+, and CS2+,
were observed. The signal was fed into four boxcar integrators
(Stanford Research SR 250) to monitor each resonant dip
individually. The output from the boxcar integrator was then
fed into an AD converter and interfaced to a PC for data storage.

Because all laser beams were focused by converging lenses,
high photon intensities are present in the interaction region. The
CS2 molecule may thus absorb several E-photons or D-photons
simultaneously to create ions. As an example, CS2

+ can be
generated by a CS2 molecule absorbing three E-photons (343.8
nm, 3.61 eV), or by a CS2 molecule absorbing three D-photons
(279 nm, 4.45 eV), since both processes exceed the CS2

+

ionization threshold energy of 10.08 eV. We denote this kind
of ion generation as a one-color MPI (multiphoton ionization)
process. These one-color MPI ions form a part of the background
noise for our experiment. The energy of the S-photon, which
ranges from 2.16 to 2.7 eV, is much lower than that of the
E-photon and D-photon, and so is unlikely to cause one-color
MPI processes. Also, Liou et al. in 199713 have reported that
converged and highly intense S-photons can excite a CS2

molecule from the (0 10 0) RB2 state up to both a repulsive
dissociation state and the1B2(Σu

1+) predissociation state, which
goes against our original expectation for the S-photon. Therefore,
the intensity of all three laser beams must not be overly intense,
yet must also not be so weak as to be unable to generate
sufficient ionization. The intensity of each beam must be
maintained at a suitable level. Experimentally, we find that the
optimal conditions are to hold the intensity of the E-photon at
around 3 mJ, the intensity of the S-photon at around 1.8 mJ,
and the intensity of the D-photon at around 2 mJ. Under such
conditions, one-color ionization becomes insignificant, yet
E-photon and D-photon two-color ionization is still sufficiently
strong.

In our experiment we monitor S+, CS+, S2
+, and CS2+ ions

simultaneously, while scanning the wavelength of the D-photon.
Resonance structure in the spectra was observed for the CS2

+

and S+ ion signals. The resonance structure is due to REMPI
(resonance enhanced multiphoton ionization) processes. We did
not observe resonance structure for the CS+ and S2

+ ion signals
corresponding to the CS2

+ and S+ ion signals.
In this experiment, we selected a total of 16 vibrational states,

from (0 18 0) up to (1 26 0), on the electronic ground state of
CS2 to prepare as initial states. In the (0 22 0) level we selected
rotational levels withJ2 ) 24, 28, 30, 32. In the others we
selected rotational levels withJ2 ) 18, 22, 24, 28 for our study.
The observed spectral lines were numerically fit to a Lorenzian
line profile by analysis software (PeakFit) to determine the
central transition frequency and fwhm of each transition line.
The dissociation rate of CS2 was determined from the uncer-
tainty relationship∆T ) p/∆E.

Figure 6. Schematic diagram of the experimental setup. Two fixed
frequency YAG lasers were used to pump three tunable dye lasers.
The output of Dye I was used to excite the molecules to the immediate
state. The output of Dye II was used to carry out stimulated emission
pumping to bring the molecule to the selected high vibrational state.
The output of Dye III excites the molecule to the predissociation state,
and ionizes the molecule and fragments as well. The ions were detected
by a time-of-flight mass spectrometer.
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IV. Results and Discussion

Figure 7 shows three (1+ 1 + 1) + 1 resonant multiphoton
ionization rotationally resolved spectra taken under the time-
of-flight mass-spectrometry scheme. The first transition, with
a fixed frequency, is to the intermediate electronically excited
(0 10 0) RB2 state. The second transition, with a fixed frequency,
is to the selected highly excited vibrational state of the X1Σg

+

electronic ground state. The frequency of the third photon
was scanned over the predissociating vibrational stateΣ0

g of
1B2(Σu

1+), where the dissociation occurs. The fourth transition,
with the same frequency as the third photon, ionizes the parent
molecule or the dissociation fragments. Both CS2

+ and S+ ions
are detected as the wavelength is scanned. The two transition
peaks in each spectrum correspond to one P and one R branch
line, respectively. The spectrum is rotationally resolved because
only one particularJ level of each vibrational state was
populated by SEP preparation. Figure 7a is the spectrum that
the third photon transition initiates fromJ ) 18 of the (0 18 0)
vibration mode. The transition line width fwhm is 1.2( 0.2
cm-1. Figure 7b is the spectrum that the third photon initiates
from J ) 18 of the (3 16 0) vibration mode. The transition line
width fwhm is 5.5( 1 cm-1. The line width is partly due to
power broadening. Figure 7c is the spectrum that the third
photon transition initiates fromJ ) 18 of the (1 26 0) vibration

mode. The transition line width fwhm is 7( 1 cm-1. The line
width is again partly due to power broadening. It is of particular
interest that in Figure 7c only the CS2

+ ion was detected. This
implies that dissociation is slower than ionization. The spectra
in Figure 7 clearly show that different initial states result in
different transition line widths and dissociation mechanisms,
even though the transitions end at the same final state. Both
power broadening and predissociative lifetime broadening
contribute to the transition line width. Figure 8 shows that the
line width of the initial state in Figure 7 increases with laser
intensity. This increase in line width is due to the power
broadening of the transitions.

For (3 16 0) and (1 26 0), power broadening was clearly
observed, while power broadening for (0 18 0) is insignificant.
The power broadening of each initial vibrational state could be
due to Franck-Condon factors that result in transition strengths
strong enough to cause the power broadening. Because the
lowest electronically excited state, RB2, is far above those
vibrational states of the electronic ground state, and no decay
mechanism has been reported, the lifetime broadening of those
initial vibrational states has an insignificant contribution. The
line width, power broadening excluded, can be regarded as a
lifetime broadening caused by predissociation. As indicated in
Figure 8, some initial states result in power broadening, some
do not. The power broadening being due to the transition
strength and the lifetime broadening being due to the predis-
sociation, they cannot be distinguished because both processes
give the same Lorentzian line profile. However, one could find
a minimum value of lifetime broadening from those initial states
which do not show power broadening. Among the observed
states, the smallest line width is found for (0 22 0), with band
origin at 9367.63 cm-1, and the power broadening of this state
is insignificant. It is reasonable to assume that this is the smallest
predissociation line width. For those initial states processing
power broadening, the line widths shown in Figure 8 were
deduced by extrapolating to a D-photon intensity of 0.2 mJ.
The value 0.2 mJ was chosen to ensure that the line width of
all those broadening states at this photon intensity is greater
than the minimum line width. Figure 9 shows how the deduced
line widths, i.e., line widths at photon intensity 0.2 mJ, vary
for various initial vibrational states. Even though power
broadening cannot be completely ruled out, Figure 9 is able to

Figure 7. REMPI spectra of CS2 which were initiated from three highly
excited vibrational states of the electronic ground state (a) (0 18 0),
(b) (3 16 0), (c) (1 26 0), and which terminated in the sameΣ0

g

predissociation state.

Figure 8. Predissociation line widths in CS2 caused by photoexcitation
to Σ0

g from the high vibrational states (1 26 0), (3 16 0), and (0 18 0)
of the electronic ground state versus the intensity of the dissociation
photon. The9 curve and the3 curve represent CS2+ and S+ ions,
respectively, which were monitored in a wavelength scanned mass
spectrometer. Note that for (1 26 0) the signal of the S+ ion was too
weak to be compared with that of the CS2

+ ion.
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qualitatively show the lifetime broadening variation with initial
state at certain energies.

V. Conclusion

According to the Franck-Condon principle, the motion of
the nuclei in a photodissociation process starts from coordinates
possessing the potential energy of the initial state. It is of interest

to know whether during the dissociation, the motion of nuclei
will be governed by the potential surface of the initial state or
final state. The result of trajectory calculations shows that given
a total energy greater than the dissociation, the dissociation rate
varies with the initial conditions such as coordinates, kinetic
energy, and potential energy. And the dissociation rate is mode
dependent. The experimental results show that the line width
caused by the predissociation varies with initial state. These
results show that the predissociation rate depends on the initial
state. It provides a possibility to manipulate a photochemical
reaction by selecting the initial state.
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Figure 9. Predissociation line widths in CS2 caused by photoexcitation
to Σ0

g from high vibrational states of the electronic ground state at
various energies. The line width is taken at weak photon intensity where
the broadening effect is a minimum. Line widths of both P-transitions
and R-transitions are plotted. The9 curve and3 curve represent CS2+

and S+ ions, respectively, which were monitored in a wavelength
scanned mass spectrometer.
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