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This probably shows that either the deposited Ag functions as a
catalyst for the succeeding Ag deposition or very small Ag clusters
do not absorb 633 nm monitoring light. A detailed study is now
under way.

The Towg change in Figure 3a was ca. 0.01 in optical density
(OD). This means that OD will only be ca. 10 when the
monitoring beam is incident vertically over the OWG. Thus, the
OWG method proved to be very effective for monitoring surface
photoreactions. We are now also testing OWG’s having semi-
conductor films including conductive SnO, and photoactive TiO,.
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Contrary to previously accepted view, this work presents strong
evidence for a minimum on the S, surface of cis-stilbene in which
the molecule lives on a nanosecond time scale. Cis- and trans-
stilbene have been extensively studied as model systems for
photochemical cis—trans isomerization in gas phase under isolated
conditions and in solution where solvent viscosity opposes large
amplitude geometrical changes.!® In trans-stilbene, isomerization
is inhibited by a 1200-cm™! barrier.> By contrast, at ~300 K in
gas® and solution,*’ cis-stilbene is nonemissive presumably because
the S, state decays by barrierless isomerization on an ~1 ps time
scale. In viscous solutions, a marked increase in cis-stilbene
fluorescence quantum yield has been ascribed to retardation of
isomerization by solvent-dependent viscosity barrier.>® In this
work, some of these ideas are challenged by observation of the
same emission spectrum from inert-gas cis-stilbene clusters formed
by supersonic expansion. Namely, the macroscopic viscosity of
inert gas clusters (e.g., Ar)® is more than 10° times smaller than
in viscous solutions;’ therefore, viscosity may not be the controlling
factor, rather it is proposed that cis-stilbene in a cluster vibra-
tionally relaxes into an inherent minimum on the S, surface, from
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heat a cluster larger than 100 atoms to Ar boiling point assuming no initial
energy content.
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Figure 1. The fluorescence excitation spectra of cis-stilbene in He, Ne,
and Ar expansions. Argon stagnation pressure dependence of the
emission intensity is shown in the insert.
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Figure 2. The emission spectra of cis- and trans-stilbene (insert) in Ar

clusters generated by supersonic expansion. Excitation wavelength is 266
nm.

where it decays with the observed 20 ns lifetime. Fluorescence
excitation and emission spectra of cis-stilbene seeded in several
gases support these conclusions.

The supersonic beam of cis-stilbene (at 80 °C) seeded in He,
Ne, Ar, Kr, N,, or C,Hj, is formed by expansion through a 0.2
mm diameter pulsed nozzle. cis-Stilbene fluorescence is excited
by an excimer-pumped dye laser between 354 and 308 nm.
Emission spectra are excited by the same laser or by fourth (266
nm) or fifth (213 nm) harmonics of a Nd:YAG laser, dispersed
with a 25 cm monochromator, and detected by an OMA. The
signal is measured to be linear with laser power.

cis-Stilbene fluorescence excitation spectra in Figure 1 show
extraordinary dependence of emission intensity on the seeding gas
and its pressure (insert). The spectrum between 308 and 333.5
nm (not shown) is featureless and monotonically rising. The
displacement of the Franck—Condon maximum from the origin
is due to large changes in the geometry between ground and excited
states. Since the density of cis-stilbene in the supersonic beam
is determined by cis-stilbene density before expansion, the observed
effects suggest unexpected increase in cis-stilbene fluorescence
quantum yield for higher stagnation pressures and for heavier noble
gases.

The emission spectrum of cis-stilbene (Figure 2) closely re-
sembles the previously observed spectra in viscous solutions.® The
spectral profile is independent of seeding gas, stagnation pressure,
excitation wavelength, and laser power. The relative emission
intensity with 266-nm excitation and 1600 Torr stagnation pressure
has the following dependence on seeding gas: Kr; Ar; N,; Ne;
C,H,; He/1.0; 0.5; 0.09; 0.0086; 0.0067; 0.0058. The same
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emission spectrum is observed even when cis-stilbene is excited
by 212.8 nm light to the second absorption maximum ~ 18 000
cm~! above the red limit of cis-stilbene fluorescence excitation
spectrum.

These spectroscopic observations are explained by the following
mechanism: (i) in a free cis-stilbene molecule, fluorescence is
quenched by isomerization because the Franck—Condon excitation
is much above the barrier to isomerization; (ii) in inert gas clusters,
intramolecular vibrational relaxation and interactions with the
solvent distribute the initial excitation energy among cis-stilbene
degrees of freedom; (iii) the energy in low-frequency vibrations
such as phenyl torsion!® efficiently transfers to cluster van der
Waals modes; (iv) the cluster evaporatively cools; and (v) the
cooling process traps some cis-stilbene molecules into a potential
minimum from where the molecule emits.

This mechanism is tested by exciting trans-stilbene above the
barrier of isomerization; emission spectral profile changes with
stagnation pressure provide evidence for cluster formation and
vibrational relaxation. Below 300 Torr Ar, the spectrum is
structureless due to the intramolecular vibrational redistribution,
but at higher pressures (Figure 2, insert) it develops typical vi-
brational structure of trans-stilbene solution spectra.® High-
pressure spectra are from trans-stilbene S, origin (~310 nm)!!
independent of excess excitation energy indicating that vibrational
relaxation occurs within 2.7 ns, the emission lifetime of trans-
stilbene.? The emission quantum yield of clusters is found to be
higher than for the free molecule because trans-stilbene vibra-
tionally cools, in competition with temperature-activated isom-
erization. The increase in emission intensity with mass of the noble
gas correlates well with clustering efficiency; however, other factors
such as vibrational relaxation rates should be important. A de-
tailed investigation of these interesting new observations on cis-
stilbene isomerization dynamics is in progress.
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The chemistry of silylenes has been the subject of considerable
interest in recent years.? The isolation of silylenes in an argon
or hydrocarbon matrix has contributed greatly to the knowledge
of these reactive species.?»* Silylenes are known to react very
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Figure 1. Difference UV spectra, (1) and (2), obtained upon photolysis
of trisilane 2 isolated in argon and oxygen matrices at 16 K, respectively.

rapidly with oxygen2d4 affording the adducts for which silanone
O-oxide (1a) or siladioxirane (1b) structures have been suggested

* * -0
Ry8i: + 0y ——> Ry8i-0-0 or RZSi\(I)

* = +/- or -
1a 1b
R=mesityl ; 3a 3b
R=H i da 4b

similar to the case of reaction of carbenes with oxygen giving the
corresponding carbonyl oxides and dioxiranes.* However, no
spectroscopic evidence for such silylene-oxygen adducts has been
reported.? Our interest in the reactivities of initially formed
peroxidic intermediates in the oxygenation mechanism of divalent
atoms, such as carbenes®® and sulfides,® has led us to initiate
low-temperature photolysis studies of silylene precursors.” Here,
we report the results of recent investigations of silylenes in a
cryogenic oxygen matrix, leading to the first spectroscopic ob-
servation of a silylene-oxygen adduct. A theoretical study of the
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