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The results of two time-resolved experiments using femtosecond laser pulses are presented. In the first,
molecular photoinduced detachment of I2 from methylene iodide is studied. The progress of the reaction is
monitored by selective detection of fluorescence from the iodine product; molecular dynamics are probed by
depletion of the fluorescent state. Pump-probe spectroscopy of the halogen moiety following high-energy
(12 eV) excitation reveals that the reaction proceeds by a concerted asynchronous mechanism. The second
experiment is a real-time study of an unrestricted bimolecular reaction. In this process, gas phase mercury
atoms are photoassociated to an electronically excited state using a femtosecond pulse; the real-time dynamics
of the resulting excimers are probed by fluorescence depletion using a second pulse. Analysis of the rotational
anisotropy in the nascent dimers reveals the degree of rotational excitation in the excited state and indicates
the impact parameter selectivity of the photoassociation process.

I. Introduction

Femtosecond time-resolved studies are used increasingly to
reveal the dynamics of primary reaction steps such as bond
breaking, electron transfer, proton transfer, and isomerization
in gaseous and condensed phases.1-4 Two types of experiments
are presented in this paper. The first experiment is a study of
concerted molecular detachment involving the formation and
breakage of multiple chemical bonds, and the second explores
the time-resolved dynamics of unrestricted bimolecular reac-
tions.
High-energy (>9 eV) excitation of CH2I2 has been found to

open a minor dissociation channel which leads to the formation
of molecular iodine in its electronically excited ion-pair states.5-9

Unlike the low-energy dissociation channels, which produce
atomic iodine, the high-energy molecular detachment process
requires breakage of two C-I bonds along with formation of
an I-I bond. Understanding of this process is important in
terms of unraveling similar types of reactions, e.g. the production
of H2 from NH3, H2O, H2CO, and CH4;10 Cl2 from COCl2;11

IBr from CH2IBr;12 and O2 from OClO.13,14 Thus, part of this
study will be devoted to detailed analysis of the dynamics of
the molecular detachment channel of CH2I2 photodissociation.
In a recent publication, Marvet and Dantus reported on the

high-energy (12 eV) dissociation dynamics of CH2I2.15,16 Most
of the iodine formed was found to be in the fluorescent D′-
(3Π2g) state. Depletion probing of the D′ f A′ emission
revealed a fast dissociation process (τdiss< 50 fs)17 to produce
vibrationally excited I2 molecules. The observation of vibra-
tional coherence in the nascent I2 provided direct evidence on
the concertedness for this molecular detachment process. In
this paper, we present the results of time-resolved experiments
designed to investigate a second channel, which produces I2 in
the f(3Π0g

+ ) state. We find that this pathway results in a high
degree of rotational excitation in the products, implying that

the dissociation mechanism that produces I2 in the f state is
concerted but not synchronous.
The experiment described above is a study of a unimolecular

photodissociation reaction. This type of process involves
absorption of a photon by a molecule, resulting in the formation
of fragments. By contrast with this, photoassociation occurs
when the absorption of a photon by a collision pair induces
bond formation.18-22 This process can be described as truly
bimolecular when the reactants are free and unbound prior to
initiation of the reaction. Photoassociation spectroscopy has
been used for a number of purposes, for example to study the
electronic excited states of species having repulsive ground
states.23-27 A number of studies also exist on long-range
interactions between ultracold atoms in order to elucidate details
about the ground-state potential of alkali metal dimers near the
dissociation limit.28-32 However, these studies are not time-
resolved.
There are a number of theoretical studies on the possibility

of directly probing photoassociation dynamics in real time.33-35

A femtosecond time-resolved study of I2 and Xe has been
performed.36 Unlike unimolecular reactions, which are generally
amenable to study by time-resolved methods, real-time observa-
tion of photoassociation reactions presents difficulties. There
are several reasons for this. Since the pulse has a short time
duration, the number of collision pairs which can be associated
within the pulse essentially depends on the spatial distribution
and relative momenta of the atoms at the moment when the
pulse is switched on. In a gas phase sample this number may
be prohibitively small. A more fundamental problem arises as
a result of the nature of the ground state, which is composed of
a thermal ensemble of continuum states. As a result of this,
the possibility of preparing a well-defined wave packet on the
excited state potential energy surface is not immediately obvious.
Finally, definition of a “time zero” or initiation time for the
bimolecular reaction is ambiguous because the atoms are
undergoing random motion. These drawbacks have to some
extent been circumvented by the use of precursors.37-40 These
are generally van der Waal’s complexes which undergo a full
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collision reaction upon liberation of one of the reactants from
the complex, or photoactivation of an atom.41 In this way the
collision geometry and initiation time of the reaction are clearly
defined.
Experiments performed in this laboratory on the formation

of excited mercury dimers have demonstrated the use of pump-
probe femtosecond methods to study the molecular dynamics
of photoassociation reactions in real time.42,43 In these studies,
a femtosecond pulse was used to excite pairs of mercury atoms
from an essentially repulsive ground state to a bound excited
electronic state, thereby forming a bond between them. The
molecular dynamics of the nascent excimers were probed by
using a second femtosecond pulse to deplete the observed
fluorescence. Rotational anisotropy was observed as a result
of the polarization of the binding laser; this was taken as
evidence that mercury dimers were being formed within the
duration of the pulse. Subsequent theoretical studies have
provided further confirmation on this interpretation.44-47 The
short time duration of the pulse determines the initiation time
of the reaction, and the restrictive Franck-Condon factor of
the photoassociation transition produces a sufficiently narrow
wave packet on the excited-state potential energy surface for
vibrational and rotational dynamics to be resolved. In this paper
we present results from femtosecond photoassociation studies
of the mercury excimer formation process, including analysis
of the rotational anisotropy. It is demonstrated that the
wavelength of the binding pulse can be used to restrict the
reaction to a narrow range of impact parameters, which produces
a characteristic rotational population in the product molecules.

II. Experimental Section

The laser system used was a home-built colliding pulse mode-
locked dye laser (CPM), pumped by an Ar+ laser. The output
from the CPM was amplified and recompressed to produce
transform-limited 60 fs pulses centered at 624 nm, having an
energy of 0.5 mJ per pulse and a repetition rate of 30 Hz. The
pulses were then split by a Mach-Zhender interferometer
arrangement with one fixed and one adjustable arm; 312 nm
pulses were generated in the fixed arm by frequency doubling
using a 0.1 mm KDP crystal. Pump and probe pulses, attenuated
to <10 µJ per pulse, were collinearly recombined and focused
(200 mm) in the sample cell. For both experiments, detection
was by fluorescence collected perpendicular to the direction of
propagation of the laser. The signal obtained at each time delay
between the pump and probe pulses was averaged for 10 laser
shots. Typical transients contained data from 200 different time
delays and were averages of 100 scans.
CH2I2 (Aldrich, 99% purity) was introduced to a quartz cell

and outgassed to 10-5 Torr at liquid nitrogen temperatures prior
to each experiment. The purity of the samples was checked
using FTIR and GC-MS. Experiments were carried out at room
temperature, at a vapor pressure of 1 Torr, and in the presence
of iodine scavenging agents (copper and sodium thiosulfate) to
ensure that the signal originates from nascent iodine only.
The mercury sample, triply vacuum distilled and certified to

contain a total of less than one part per million impurities
(Bethlehem Apparatus Co.), was introduced to a thoroughly
cleaned and vacuum-baked glass line by injection over an argon
atmosphere. The injection port was sealed and the sample
pumped to 10-5 Torr. A portion of the line containing the quartz
cell and a U trap was then closed to the rest of the pumping
station and immersed in liquid nitrogen to achieve cryopumping
while the cell was sealed off. The purity of the sample was
checked by LIF in the 190-850 nm region at high laser

intensity. Fluorescence from the cell showed two Hg2 bands
and some atomic mercury lines (resulting from multiphoton
excitation); we found no spectral evidence of contamination in
the sample. The cell was wrapped in heating tape and
maintained at a constant temperature throughout the experiment.
Most of our results were obtained at 160°C, which corresponds
to a mercury vapor pressure of 4.2 Torr.48

III. Results and Discussion

A. Photodissociation Dynamics of CH2I2. The photodis-
sociation of CH2I2 from excited electronic states has been studied
extensively.5-9 Only recently have the high-energy dynamics
of this molecule been investigated using femtosecond time
resolution.15,16 Since the observation of the concerted elimina-
tion of I2 from CH2I2, we have conducted a series of experi-
ments, designed to elucidate the dynamics of various photo-
dissociation channels of CH2I2 and its dihaloalkane analogues.17

In this paper we present results from two molecular detachment
pathways of CH2I2.
Presented in Figure 1 is a dispersed fluorescence spectrum

obtained by exciting a sample of neat CH2I2 vapor at room
temperature, using femtosecond pulses with a spectrum centered
around 312 nm. Nearly all the spectral features in Figure 1
can be attributed to fluorescence of the I2 photofragments. In
particular, the intense features from 290 to 350 nm are due to
the I2 D′ f A′ band system49,50while the weaker features below
290 nm can be assigned to the I2 f f A and/or Ff X sys-
tems.51,52 On the basis of analysis of the vibrational dynamics
of this channel, we determined that the most likely source of
this fluorescence is the ff A transition;17 the following
discussion will therefore assume that this is the case. The
integrated intensity of the 290 nm fluorescence is about 10 times

Figure 1. (top) Pump-probe scheme employed for interrogating the
molecular detachment of I2 from CH2I2. The three-photon pump (at
312 nm) excites the parent molecule to a dissociative state producing
I2 in the D′ and f states. The probe laser (at 624 nm) depletes the
population in the D′ and f states thereby reducing the observed
fluorescence. (bottom) Dispersed fluorescence spectrum resulting from
the excitation of CH2I2 with a femtosecond laser at 312 nm. Most of
the signal at wavelengths longer than 290 nm can be assigned to the
D′ f A′ transition. Spectral features in the 260-290 nm region are
tentatively assigned to the I2 f f A emission although contributions
from the Ff X transition are also possible.
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weaker than that of the D′ f A′ system. As pointed out by
Okabe and co-workers,8 formation of molecular I2 from pho-
todissociating CH2I2 represents only a minor photodissociation
channel, with a branching ratio of approximately 1%. Thus,
we estimate the overall yields of the following dissociation
channels:

to be approximately 1% and 0.1%, respectively. Since produc-
tion of I2 molecules in the D′ and f states from a thermal sample
of CH2I2 requires minimum energies of 8.38 and 9.20 eV,
respectively, at least three 312 nm photons are needed in each
case to supply the necessary energy.53,54 Preliminary power
dependence results also seem to support this conclusion. The
following analysis is therefore made assuming that the excitation
is a three-photon process.
The pump-probe scheme depicted in Figure 1 has been

employed to interrogate the photodissociation processes in (1).
Here, three-photon excitation by a femtosecond laser pulse at
312 nm (pump) promotes CH2I2 to its highly (∼12 eV) excited
electronic state(s). At such high electronic excitation, CH2I2
dissociates via numerous pathways, two of which produce I2 in
its D′ and f states. A second femtosecond laser pulse at 624
nm then probes this dissociation process by selectively monitor-
ing the decrease in the fluorescence of the nascent I2 photo-
fragments at 340 nm (D′ f A′) or 272 nm (ff A). Sweeping
the time delay between the pump and probe pulses thus yields
a transient that reflects the temporal evolution of the dissociation
process and that of the nascent I2 photofragments.
Time data obtained in this way from the dissociation of CH2I2

are presented in Figure 2. Figure 2a shows the transients
detected at 340 nm (D′ f A′ fluorescence) and Figure 2b the
272 nm (ff A fluorescence) of nascent I2. There are two traces
shown in each panel. The thicker trace was taken with the pump
and the probe polarized parallel to each other. The lighter trace
was taken with the probe polarization rotated 90° from the pump
polarization. All transients show depletion of fluorescence
signals at positive time delays, where the probe pulse arrives
later than the pump pulse.
Oscillatory variations in fluorescence signal as a function of

pump-probe time delay are also clearly visible in all transients
at positive times. This variation can be interpreted as the
signature of thecoherentvibrational motion imparted on the
nascent I2 fragments during the dissociation process. The
observed vibrational coherence in the I2 fragment implies that
the I2 elimination process is concerted; i.e., I-I bond formation
and the two C-I bond breakages happen in a single kinetic
step. This, however, in no way implies that the three elementary
events happen synchronously. In fact, some of the following
discussion will address the timing of these events.
As shown in the inset of Figure 2a, the 340 transients display

a large time zero feature, which is caused by a cooperative
multiphoton process occurring when pump and probe pulses
are overlapped in time. This feature conceals any dynamics
occurring during the first 300 fs after time zero. The transients
in Figure 2b show no time-zero feature. Examination of the
data in Figure 2b reveals that depletion immediately after time
zero is more efficient when the pump and probe pulses are
polarized perpendicular to each other than when they are
parallel. This indicates that the dipole moment of the probe
transition is perpendicular to that of the pump transition at time

zero. It is apparent from Figure 2b that there is a considerable
degree of anisotropy in the data, most of which decays during
the first 500 fs after formation of the I2 photodissociation
product. The fast decay indicates a high degree of rotational
excitation in the I2 fragment.
In order to obtain more quantitative information on this fast

decay of rotational anisotropy, we have extended the formulation
for one-photon pump and one-photon probe by Baskin and
Zewail55 to the more general case of multiphoton pump and
probe. A detailed derivation will be presented elsewhere.17 For
the case of three-photon pump and one-photon depletion probe,
we have found that the rotational anisotropyr⊥(t) can be
expressed as

Here the subscript⊥ signifies that at time zero the pump and
probe dipoles are perpendicular to each other.Pj denotes the
relative rotational population distribution, which we will assume
to be Gaussian. Thej-dependent frequencyωj equals4πBj,
whereB denotes the rotational constant andj the rotational
quantum number of the molecules. Least-squares fitting of the
rotational anisotropy shown in Figure 2b yields a rotational
distribution having a central valuejmax ) 354( 38 and a 1/e
width ∆j ) 509( 52.

CH2I2 + 3hν(312 nm)f CH2 + I2(D′ 3Π2g) (1A)

CH2I2 + 3hν(312 nm)f CH2 + I2(f
3Σ0g

+) (1B)

Figure 2. Femtosecond transients obtained for the dissociation of CH2I2
using the pump-probe scheme shown in Figure 1. (a) Nascent I2

fluorescence is collected at 340 nm, the wavelength of maximum signal
for the D′ f A′ emission. The heavy (thin) line corresponds to data
collected for parallel (perpendicular) pump/probe polarization. The inset
shows the overall time behavior of the tranisent including an intense
feature near time zero. The expanded transient displays oscillatory fea-
tures corresponding to vibrational coherence in the I2 product. (b) Fem-
tosecond transients obtained from CH2I2 when the dispersed fluores-
cence is collected at 272 nm, the maximum for the ff A emission.
The heavy (thin) line corresponds to data collected for parallel (perpen-
dicular) pump/probe polarization. Notice that this time the depletion
in the perpendicular signal is more pronounced than the parallel (see
text). The transient displays oscillatory features corresponding to vibra-
tional coherence in the I2 product and the differences between parallel
and perpendicular transients are analyzed for rotational anisotropy.

r⊥(t) ) -
1

12
-
1
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For a room-temperature sample of CH2I2, the average
rotational quantum number is expected to be approximately 100.
This is much smaller than the measured rotational distribution
of the I2 product. Conservation of angular momentum demands
that the difference, about 250p, be taken up by the CH2
fragment. This can be accounted for if one of the two C-I
bond-breaking processes happens earlier than the other. This
would exert a large torque on the fragments, causing them to
exhibit counter rotation and a high degree of rotational excita-
tion. The strong torque and available excess energy would break
the second C-I bond. This corresponds to the concerted
asynchronous mechanism shown in Figure 3. By contrast, if
the photodissociation process proceeded by the concerted
synchronous mechanism, one would not expect to observe high
rotational excitation in either fragment.
Thus, we can construct the following picture of the photo-

dissociation dynamics of CH2I2 to produce I2 in the f state at
an excitation energy of 12 eV. A three (312 nm) photon
transition excites CH2I2 molecules from the thermally populated
ground electronic state to a dissociative state. One of the C-I
bonds breaks and a bond forms between the two iodine atoms
(see the concerted asynchronous mechanism in Figure 3); this
generates an enormous amount of torque on the CH2 and I2
moieties to tear the second C-I bond apart. This mechanism
is quite in keeping with the mechanism proposed by Hoffmann
and co-workers,56 although the latter was proposed for CX2Y2

dissociation from the low-energy potential surfaces. Due to the
time zero feature when the detection wavelength is set at 340
nm, the rotational anisotropy information at early times is
masked and it is not certain whether or not the concerted
asynchronous mechanism also applies to the I2 (D′) dissociation
channel of CH2I2.
B. Unrestricted Bimolecular Reactions.When a pulse of

sufficiently short time duration excites a molecule, a coherent
superposition of eigenstates or wave packet is produced. This
makes it possible to study molecular dynamics using pump-

probe spectroscopy, and there is now a large body of work in
the literature in which ultrashort pulses are used to study the
dynamics of boundf free or boundf bound transitions in
this way.1-4 In the case of a freef bound (photoassociation)
transition, where the initial excitation is from a set of continuum
states, well-localized wave packets can be formed on the excited
state surface as long as there is a large enough difference in the
slope between the upper and lower electronic states. The
Franck-Condon factors of the transition dictate that photoas-
sociation probability is greatest when the laser wavelength is
resonant with the energy difference between the ground and
excited state energies, which imposes a spatial and energetic
restriction on the reaction. Tuning of the wavelength of the
binding pulse can thus be used to select a range of reactive
impact parameters. Temporal resolution is afforded by the
binding pulse and is limited only by the pulse duration.
Molecular dynamics following photoassociation can thus be
probed using the same techniques that have been used for bound
f free or boundf bound transitions.42,43 Results are presented
below on the application of this method to the formation of
Hg2*.
The relevant Morse potentials of Hg2 are shown in Figure

4a. Absorption of a femtosecond laser pulse at 312 nm causes
photoassociation from the essentially repulsive X0g

+ state to
the bound D 1u state.57,58 Excitation to the D 1u state was
experimentally confirmed by observation of the Df X
molecular fluorescence as shown in Figure 4b. The spectrum
produced by excitation at 266 nm (nanosecond pulse) is also
presented in Figure 4c for comparison; this spectrum is
characteristic of Hg2 D f X fluorescence.58-60 To observe
time-dependent behavior, molecular dynamics were probed by
using a 624 nm pulse to deplete the D 1u fluorescence to the 1g
state.
The transients obtained from mercury vapor with 312 nm

excitation and 624 nm probing are shown in Figure 5. At
negative times, the fluorescence signal produced by photoas-
sociation into the D 1u state is unaffected by the depletion

Figure 3. Schematic view of the two types of concerted mechanisms
considered for the molecular detachment pathways during the first∼50
fs. Theconcerted synchronousmechanism requires that breakage of
the two C-I bonds and formation of the I-I bond occur at the same
time. This mechanism does not yield a high degree of rotational
excitation in the fragments. Theconcerted asynchronousmechanism
requires that one of the C-I bonds breaks before the other. This
mechanism causes a large amount of rotational excitation in the
fragments and is consistent with the observed anisotropy in the data of
the CH2I2 (f 3Π0g

+ ) dissociation channel.

Figure 4. (a) Schematic of the potential energy surfaces relevant to
the femtosecond photoassociation of Hg atoms. Only collision pairs
that are in resonance with the binding laser at 312 nm and are oriented
parallel to the polarization of the pulse are photoassociated to the D 1u

state. The Df X fluorescence is used to monitor the time evolution
of the encounter. The population in the D state is depleted by a 624
nm probe pulse. (b) Dispersed fluorescence spectrum resulting from
excitation with a 60 fs laser pulse centered at 312 nm. The peak at
407.8 nm is an atomic line resulting from two-photon excitation to the
71S0 state. (c) Fluorescence spectrum resulting from the excitation of
mercury vapor at 266 nm with a nanosecond laser pulse. The Df X
emission is blue-shifted compared to the emission produced by 312
nm excitation because of the difference in excitation energy.
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(probe) pulse, which precedes it. As time zero is approached,
depletion of the molecular fluorescence begins to be apparent
as molecules in the D 1u state are excited into the 1g state by
the 624 nm pulse. Transients were obtained with the polariza-
tion vectors of the pump and probe pulses aligned parallel or
perpendicular to each other. The anisotropy in the data arises
as a result of the preferential photoassociation of collision pairs
that are aligned parallel to the polarization of the binding pulse
(parallel transition). The observed anisotropy indicates rota-
tional coherence in the nascent excimers and can only be
interpreted as due to photoassociation of the free mecury atoms
within the duration of the pulse.42,45 The collisional association
of excited atoms Hg*+ 2Hg or Hg*+ Hg2 f Hg2* + Hg or
the direct excitation of existing dimers can be ruled out as
potential sources of the observed signal based on the following
observations. The former requires three-body collisions, which
are highly improbable and occur over a period of nanoseconds
under experimental conditions. Molecular dynamics on the
femtosecond time scale could not possibly be observed if this
were the mechanism; since collisional association of atoms is
an inherently isotropic process there would also be no rotational
anisotropy in the data. The contribution to the signal from the
direct excitation of van der Waals dimers is negligible because
their concentration is very low (∼10 ppm) under the experi-
mental conditions. This, combined with the Franck-Condon
factors for excitation of these dimers to the D 1u state at 312
nm (<10-14),61 makes boundf bound transitions highly
improbable.
The rotational anisotropy of the transients can be extracted

using the weighted difference

as shown in Figure 5b.62 The observed dephasing of rotational

anisotropy can be analyzed using a simple model which treats
the rotational populationPj as a Gaussian:

where

whereωj ) 4πBj is the molecular rotational frequency.55 Least-
squares fitting to the data indicates that the rotational excitation
can be modeled with a rotational distribution centered atjmax
≈ 30 and a fwhm∆j of ≈90, as shown in Figure 5, b and c.
In order for photoassociation to occur, the relative collision

energy of an atom pair with a given impact parameterb (as
defined in Figure 6) should satisfy the condition

whereV1(R′) is the potential energy of the ground state andR′
the internuclear distance at which the laser is resonant with the
transition from the ground to the upper electronic state.46 An
expression can be derived for the differential photoassociation
cross section dσPA/db using the well-known expression for the
scattering cross section:

Figure 5. (a) Femtosecond transients from the photoassociation of
mercury at 312 nm. The heavy (thin) line corresponds to parallel
(perpendicular) polarization of the bind and probe pulses relative to
each other. Note that bond formation occurs during the pulse and that
the data is clearly anisotropic, indicating alignment of the photoasso-
ciated collision pairs. (b) Rotational anisotropyr(t) obtained from the
experimental data. The heavy line is the best fit to the experimental
data (plotted as points), as described in the text. (c) Rotational
population of the photoassociated product, obtained from the fit to the
rotational anisotropy.

r(t) )
I| - I⊥
I| + 2I⊥

(3)

Figure 6. Schematic of a bimolecular collision process, illustrating
the definition of the impact parameterb. The equations show the relation
between the relative energy of collisionER and the energyE⊥ along
the direction of the interatomic axis as a function of the impact
parameter. The differential photoassociation cross section dσPA/db from
eq 8 is plotted as a function of binding wavelength. Note that as the
wavelength is tuned to lower energies the reaction requires smaller
impact parameters and the products are formed with a narrower, lower
energy distribution of rotational excitation. At 290 nm the photoasso-
ciation process is not very restrictive and approaches the theoretical
limit P(b) ) 1 (see text).

r(t) ) ∑
J)0

∞

r(j,t)Pj (4)

Pj ) 2xln 2
∆jxπ

exp{-4 ln 2(j - jmax
∆j )2} (5)

r(j,t) ) 0.1+ 0.3 cos(2ωjt) (6)

Erel g
V1(R′)

1- (b/R′)2
(7)

dσPA/db) 2πbP(b) (8)
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where P(b) is the opacity function.63 Integration over the
Boltzmann population of scattering states, taking into account
the energetic restriction in eq 7, results in

Figure 6 shows plots of dσPA/db for three values of binding
wavelength. Note that at 350 nm, only those collision pairs
with very small impact parameters are photoassociated. As the
binding laser is tuned to shorter wavelengths, the position of
highest photoassociation probability shifts to larger impact
parameters and the selectivity is lost. The opacity function in
eq 9 reaches a limiting valueP(b) ) 1 at high excitation
energies, whenV1(R′) approaches zero. This behavior is also
shown in Figure 6 for comparison.
The restrictions on impact parameter imposed by eq 9 are

reflected in the rotational quantum numbers of the product
molecules. The conversion from impact parameter to angular
momentum is obtained by using the quantum-to-classical
conversionjp ) µVb, whereV is the relative velocity of the
atoms when they are photoassociated. Figure 6 was plotted
using the mean relative velocityVj. Under experimental condi-
tions (λbind ) 312 nm,R′ ) 2.82 Å), it can be seen that the
predicted parameters arejmax≈ 50 and∆j ≈ 65. A number of
assumptions inherent in the model may be responsible for the
discrepancy between the experimental and theoretical rotational
distribution; see Figure 5, b and c. The larger∆j in the
experimental data may be due to the use of a single average
value for the relative velocity of the atoms rather than the
thermal distribution. A slight saturation of the photoassociation
transition by the laser may also make the rotational distribution
appear to be broader than it actually is.
Quantum mechanical simulations of this work indicate that

it is also possible to observe vibrational coherence in the
photoassociated molecules.44-46 However, the modulation depth
of these coherences is not large and we have to date been unable
to unambiguously identify vibrations in the pump-probe data.

IV. Conclusion

Results were presented of a femtosecond pump-probe
experiment on a molecular photodetachment process. Product
coherence resulting from the concerted elimination of molecular
iodine on photolysis of CH2I2 was demonstrated. Least-squares
fitting of the rotational anisotropy in the transients obtained from
I2 in the f state to a Gaussian distribution of rotational level
occupations revealed a distribution of rather high I2 rotational
levels, with the distribution center at aroundjmax ) 354( 38
and a 1/ewidth∆j ) 509( 52. This high degree of rotational
excitation has been explained by invoking a concerted sequential
I2 detachment mechanism (see Figure 3). When CH2I2 is excited
to a highly electronically excited dissociative state, one of the
two C-I bonds breaks and an I-I bond forms. Then the second
C-I bond ruptures, leaving rotationally excited I2 and transla-
tionally hot CH2 fragments. The high degree of rotational
excitation in the I2 in the f state product rules out the concerted
simultaneous mechanism shown in Figure 3 as a possible
mechanism for this reaction. If this were the reaction pathway,
C2V symmetry would be maintained throughout the dissociation
and there would be little rotational excitation in either fragment.
Results were also presented of an unrestricted bimolecular

(photoassociation) reaction, studied by a femtosecond pump-
probe method. In this case, excitation from a set of continuum
states to a bound electronically excited state produces coherent

wave packets on the upper state. This allows the molecular
dynamics of the reaction and nascent products to be studied in
real time by fluorescence depletion probing. The energy
restrictions imposed on the photoassociating molecules by the
resonance condition with the binding pulse can be used to select
a range of collision impact parameters, which in turn determines
the rotational excitation in the product. It was determined that,
under the conditions of the experiment, the rotational excitation
in the mercury dimers can be fit to a Gaussian distribution
having a maximum atjmax≈ 30 and a fwhm∆j of ≈90.
The experimental information obtained from unimolecular

photodissociation (half collision) reaction is limited by the well-
defined initial geometry. This, in terms of molecular scattering,
translates into a single value of the impact parameter. Unre-
stricted encounters occurring in bimolecular reactions, however,
sample the whole range of impact parameters and molecular
orientations. Information about these encounters is not acces-
sible from the study of unimolecular dissociation reactions, and
therefore, time-resolved studies of photoassociation are of
importance. As shown in this work, one is able to study the
real time dynamics from limited ranges of impact parameters
by the appropriate choice of photoassociation wavelength. Work
is continuing in this laboratory on the real time study of
unrestricted bimolecular reactions. Of particular interest is the
study of atom+ diatom reactions for which orientation as well
as alignment should have a significant effect on the nature and
energetics of the products.
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