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The concept of local mode (LM) states' in large mole-
cules raises the possibility of inducing chemical reactions
from a well-defined initial state (bond-selective chemistry).
The results of linewidth and energy measurements in ga-
ses,”® and low temperature solids,2® however, indicate
that the relaxation times for such high energy (>15 000
cm™!) states can be extremely short, < 1 ps. Because of the
lack of direct time-resolved measurements, the following
fundamental questions have not been unequivocally an-
swered: What are the homogeneous linewidths of LM states
and what are the rates of energy relaxation or reaction out of
these states? Over the past five years we have made several
attempts to observe the picosecond dynamics of LM states.
Due to the inherent difficulties associated with making these
measurements, such as the very small oscillator strength
(0 <1072 cm?), an extremely sensitive probing technique
becomes imperative.

In this Communication, we report our first result of di-
rect picosecond measurements of the Avgy = 5 LM transi-
tion of H,0,. In these experiments, a picosecond pulse pre-
pares the OH stretch overtone and a second pulse, delayed in
time, monitors the population of the OH radicals produced
following the overtone excitation. These time-resolved stud-
ies give a direct measure of the unimolecular dissociation
rate and provide a lower limit to the rate of energy redistribu-
tion from the OH stretch to the O-O reaction coordinate.
This information may be used to determine the domain of
validity of statistical unimolecular reaction rate theories
(e.g., RRKM).

H,0, is a well-defined system in that: (1) the OH
stretching overtones provide a means for selectively deposit-
ing substantial amounts of energy in the electronic ground
state; (2) the molecule undergoes O-O bond fission with an
activation energy of 49.6 kcal/mol,? accessible by pumping
vou = Sor6;and (3) the OH (X Il ) fragments produced
on dissociation can be probed from specific (v,/,Q,A) quan-
tum states by laser-induced fluorescence (LIF).* The pion-
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eering work of Crim’s group® on the voy =5, 6 initiated
dissociation of H,0, has produced information regarding
OH rotational state distributions® and overtone predissocia-
tion spectra.’ The 10 ns time resolution of their experiments
precluded any measurements of the rate of product forma-
tion.

Our experimental apparatus consists of an amplified,
synchronously pumped dye-laser system.® The dye-laser
fundamental wavelength (pump) is judiciously chosen to be
on resonance with the overtone transition such that the sec-
ond harmonic (probe) is tuned to resonance with particular
OH A ?2+«X *I1 transitions. Since the overtone spectrum is
broad and congested we are able to maintain resonance for
both pump and probe transitions. LIF from OH is detected
at right angles with a PMT which is filtered to remove scat-
tered pump light. A time-to-amplitude converter and multi-
channel scaler/discriminator are used to count single pho-
ton events 130-500 ns after the laser pulses. The maximum
count rate is quite low, typically <4 counts/s, compared to
the laser repetition rate (20 pps) thus avoiding saturation of
the detection scheme.

As can be seen in Fig. 1, the OH product buildup is
nonexponential when the probe is tuned to the
@,(1) 4+ @,,(1) transitions (i.e., N =1 initial OH state).
Approximating the transient with a biexponential buildup
convoluted with the measured system response function®
yields the fitted rise times of r,=60+5 ps and
7, = 900 + 100 ps, for parallel relative pump-probe polar-
ization. Similar experiments were performed while probing
the N = 2 transitions including @, (2) giving a single expo-
nential type of behavior where again 7, = 60 + 5 ps, how-
ever, there is no evidence of a slow rising component.

Consideration of the nature of the slow component
raises the possibility of OH ground electronic state rota-
tional equilibration. This effect should not be significant for
this experiment since the time scale of this redistribution has
been measured to be > 500 ns'® for the pressures used here.
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FIG. 1. Time-resolved buildup of OH (N = 1, = 3/2) fragments of H,0,
dissociation initiated by voy = 5 excitation (Vyump, = 16 242cm ™). Inthe
lower plot the points are the experimental data and the solid curve is a best-
fit biexponential rise convoluted with the cross correlation function of the
pulses (= 13 ps, ~transform limited). The upper plot is an expanded scale
scan of the early-time portion of the buildup along with a fit of a rising
exponential convoluted with the cross correlation function. Also shown on
the same scale is the cross correlation function of the pump and probe pulses
measured using difference frequency generation (Ref. 9). Typical pulse en-
ergies at the sample (70% H,0,, 0.23 Torr, flowing gas system) were ~ 150
pJ for the pump and <0.25 uJ for the probe pulse.

Moreover, since the rotational distribution for dissociation
from vy = 5 is known to be cold, the low N states probed
in this study would be depleted rather than populated by
such a process. It should be noted that the pump-field inten-
sity dependence of the LIF signal is linear and therefore con-
sistent with a one photon excitation of the vgy = 5 transi-
tion.'® Thus, we conclude that the observed transient
behavior of the OH product is due to a truly unimolecular
process which is initiated by overtone excitation.

To compare these results to statistical unimolecular dis-
sociation rates, RRKM (direct state count) calculations
have been performed for various configurations of the transi-
tion state and including anharmonic corrections and angular
momentum conservation. The calculations give rise times of
~400 ps at the reaction barrier and ~60 ps 2000 cm™"'
above the barrier. These rise times are remarkably close to
the values of the limiting slow and fast components mea-
sured for the N = 1 OH product state. In order to determine
if the thermal distribution of reactant states above the reac-
tion barrier energy could be responsible for the observed
nonexponential behavior an energy averaged simulation of
the transient was performed using microcanonical RRKM

rates. It is found that the smooth vibration-rotation distri-
bution and the very discrete vibration-only distribution give
similar nonexponential transient behavior which qualita-
tively show an apparent biexponential dependence.!! It is
also possible that this behavior is due to a divided vibrational
phase space.

Further experimental work extending the domain of the
studies discussed above should provide information on the
angular momentum dependence of the microcanonical
rates'? and restrictions of the vibrational phase space in the
redistribution.’® At this time we are unable to conclude
whether the different behavior observed while probing the
OH N = 2 state is due to the slight variation of the pump
excitation energy or due to the different final state probed.
Experiments with independently tunable pump and probe
lasers are in progress in order to separate these possible ef-
fects.

In conclusion, the build-up rate of the fast component
measured in this work gives a homogeneous linewidth con-
tribution to the vy = 5 transition of H,0, of ~0.09 cm™
in contrast to the apparent ~200 cm ™! linewidth. Further-
more, our measurements indicate that the energy redistribu-
tion time from the OH stretch to the O-O reaction coordi-
nate is < 60 ps for the cases studied.

This work was supported by the National Science Foun-
dation (CHE-8512887). We wish to thank Professor F.
Crim for useful discussions.
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