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In this Communication we report our first study of real-
time reaction dynamics in finite size clusters. The reaction is
of the type AH + S,,, where the proton transfer (bimolecu-
lar) dynamics is examined as the acid AH is solvated with
different number of molecules, n = 1,2,...etc. This is in con-
tinuation of our effort to study reaction dynamics in real
time,' but now extending the scope of the previous collision-
less (solvent free) condition to a range where condensed
phase effects can play a role. Of particular interest to us is the
condition at which solvation induces vibrational relaxation
and modifies IVR. Real-time studies of reactions in clusters
offer great opportunities for obtaining the rates directly” and
for examining these solvation processes under controlled
conditions in molecular beams. Such stepwise solvation by
beam methods has been advanced for a variety of systems
spanning small molecules,® large molecules,* hydrogen-
bonded systems,® and electrons.®

Here, we use a new molecular beam machine in combi-
nation with two picosecond lasers. As before,' the time reso-
lution is achieved by delaying the pump pulse relative to the
probe pulse in a Michelson interferometer arrangement, just
before the two pulses enter the molecular beam zone (Fig.
1). The mass selection of the skimmed beam is determined
by MPI in a time-of-flight spectrometer. Care was taken to
lower the pump laser power to a minimum, and the probe
wavelength was chosen to create the ions close to threshold
ionization. In addition to these pump-probe experiments,
picosecond fluorescence measurements were performed us-
ing a time correlated single-photon counting apparatus,’
similar to earlier studies of isoquinoline-water clusters.>®

The system of interest here involves the following pro-
ton transfer reaction: AH*-S, -[A~--S,H*]-A" +
S,H™, where AH stands for a-naphthol and S, for n-am-
monia molecules. For this system, we report results only for
n =1, 2, 3, and 4, although the cluster distribution is up to
n = 30.

The real-time study reported here shows a critical de-
pendence for the reaction dynamics on the number of solvent
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molecules involved in the reaction: For n = | and 2 we ob-
serve nanosecond dynamics and no evidence for proton
transfer; for » = 3 and 4 the dynamics take place on the
picosecond time scale. Our findings should now be relevant
to theoretical studies like those by the group of Robinson,®
and complement previous time-integrated studies of gas-
phase ion chemistry,’ photoemission and picosecond studies
in fluid media, '© and intracluster ion chemistry.'!

Proton transfer reactions specific to naphthols have
been the subject of many studies in solutions®'® and matri-
ces.'? In clusters, the thorough spectroscopic work of the
Leutwyler group'? has provided both the spectral shifts for
the different clusters and the spectral changes expected un-
der proton transfer conditions. We have used their spectral
assignments of bands in our study. More recently, the dy-
namics of IVR'* has been characterized for @-naphthol by
Lakshminarayan and Knee.'?

In our study reported here the bare molecule lifetime is
measured to be 60 + 2 ns which is in agreement with earlier
measurements.*>!*> The n = 1 cluster has a lifetime of
38 + 1 ns. Two isomers have been reported for the cluster
with n = 2'3@®) . for the spectrally bluer isomer lifetime we
measure 43 + 2 ns while for the spectrally redder isomer a
lifetime of 39 + 1 ns is observed. In addition, the emission
due to the reacted system, emanating predominantly from
clusters with n>4, was monitored at 435 nm and found to
have a lifetime of 38 + 2 ns.

For the clusters # = 3 and 4 the transients measured in
the pump-probe experiments reveal a fast decay component
of 100 + 30 ps as well as a long (many nanoseconds) decay
component. '® The cluster size dependence of the onset of the
fast dynamics is depicted in Fig. 2 for the clusters n = 1 and
3.

For this reaction, which takes place on an electronically
excited potential energy surface, the dynamics are depen-
dent on the solvent stabilization of the proton transfer and is
therefore cluster size dependent. In a simple description it
involves first the IVR among the modes of a-naphthol fol-
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FIG. 1. Schematic of the experimental arrangement depicting the picosecond laser system and cluster beam apparatus.
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FIG. 2. Shown are the decays and fits for the n = 1 and the n = 3 clusters.
For the n=1 cluster, the pump and probe wavelengths are: pump
A = 320.4 nm, probe A = 337.1 nm. For the n = 3 cluster the wavelengths
are: pump A4 = 322.1 nm, and probe A4 = 337.1 nm. Note that for n =3
there is a fast component (100 + 30 ps) and a slow component. The insert is
anonresonant photoionization mass spectrum of -NpOH(NH,),, clusters
showing a typical cluster distribution.

lowed by the proton transfer to the solvent. The fast 150 ps
component is therefore a measure of the IVR /reaction rate
taking place in the clusters while the long time component is
the lifetime of the equilibrated system. It is interesting that
the 100 ps time measured in the cluster is longer than the
solution phase reaction time of 33 4 5 ps.'°®

In conclusion, the proton transfer reaction of a@-naph-
thol in ammonia clusters is indicative of the size dependent
phenomena which time-resolved pump-probe spectroscopy
is capable of monitoring directly. More measurements on
this system and other cluster systems will be forthcoming.
The hope is to characterize IVR and reaction dynamics as »
reaches very large numbers.

Note added in proof: Recently, we have studied the clus-
ters of a-naphthol with piperidine and water. Fast delay
components, similar to that depicted in Fig. 2, were observed
for the clusters with piperidine (# = 2 or 3) but were not
observed for the clusters containing water (n<21), on the
same time scale.
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Interest in the photophysics and photochemistry of the
Zn, Cd, and Hg dialkyls has increased recently, due in part to
the importance of these molecules in laser photochemical
metal deposition processes.'~> Photodissociation of the met-
al dialkyls occurs extremely rapidly upon excitation to one
of the two excited states accessible in the UV.*® The primary
photoproducts are an alkyl radical and the metal monoalkyl.
Both are formed in the electronic ground state but with a
substantial degree of vibrational excitation.*® The metal
monoalkyl is believed to undergo complete secondary ther-
mal dissociation to the metal atom and a second alkyl radi-
cal.*> This is a reasonable conclusion, since the energy sup-
plied by UV excitation of the metal dialkyls is more than
sufficient to break both metal-alkyl bonds and since the sec-
ond metal-alkyl bond is much weaker than the first.'®
Strausz and co-workers have shown, however, that CH,Zn
and CH,Cd are spectroscopically observable on a microsec-
ond timescale following photodissociation of (CH;),Zn and
(CH,),Cd.!! While their measurements were not quantita-
tive, Strausz and co-workers found that the intensity of the
CH,Zn and CH,Cd absorption bands increased with in-
creasing buffer gas pressure. This suggests that it may be
possible to quench secondary thermal dissociation of the
metal monoalkyl. In this paper, we use laser-induced flu-
orescence (LIF) to measure the relative yields of Zn and
CH,Zn quantitatively as a function of He buffer gas pressure
upon 248 nm photodissociation of (CH,),Zn. We find that
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CH,Zn is a significant product at low pressure and becomes
the major product at modest pressures of He.

Photodissociation of (CH,),Zn was induced by KrF*
laser (248 nm) irradiation of the vapor in a gas flow cell
constructed from a standard 23" diameter 6-way cross.'? A
Nd:YAG-pumped dye laser beam, directed collinearly to
the KrF* laser beam, was used to monitor both
CH,Zn'"'*'3 and Zn'*"® by laser-induced fluorescence. The
delay time between the excimer laser pulse and the dye laser
pulse was typically 1040 us. At shorter delay times, the data
for CH,Zn were complicated by collisional vibrational deac-
tivation processes. At longer delay times, both Zn and
CH,Zn begin to diffuse out of the detection zone. Helium
was introduced into the cell via ports directed at the laser
entrance and exit windows. (CH;),Zn vapor (Alfa) was
introduced through a separate port via a Teflon-lined stain-
less steel bubbler using He as a carrier gas. The He buffer gas
and (CH,),Zn/He flow rates were controlled by separate
mass flow controllers, allowing the buffer gas partial pres-
sure to be set independently of the (CH,),Zn partial pres-
sure (~0.1 Torr).

Upon photodissociation of (CH,),Zn, LIF signals due
to Zn and CH,Zn are readily observed at all buffer gas pres-
sures. At a given pressure, the CH,Zn and Zn LIF intensities
increase linearly with excimer laser fluence, indicating that
each product is formed via single-photon dissociation of
(CH;),Zn. Fluorescence from Zn and CH;Zn is not
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