
‘A, (S, ) state between the 
ground state [ 1 ‘A, (S, ) ] and first one-photon-allowed 
excited state [ 1 ‘B, (S, relaxation 

and photochemical pathways in these prototypical systems. 
The striking contrast between the fluorescence proper- 

ties of butadiene and hexatriene and those of the longer po- 
lyenes is most likely related to differences in the excited-state 
(2 

‘A, and 1 ‘B, ) geometries of these molecules.“*‘* Al- 
though ethylene undergoes a 90” twist upon excitation from 
1 ‘A, to 1 ‘B,, l9 theoretical calculations20Y2’ and modeling 
of resonance Raman and absorption spectra22-25 indicate 
that the 1 ‘B, states of butadiene and longer polyenes retain 
their planar, ground-state structures. In contrast, ab initio 
calculations on butadiene and 
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cent, complexed species and that these clusters (along with 
free decatetraene) have similar, Stokes-shifted, S, +S,, 
emission spectra. For larger clusters, decatetraene relaxa- 
tion is complete and the effective temperature is lower, re- 
sulting in the increased resolution of the S, -So emission at 
high argon pressures ( > 2 atm). The S, +S, fluorescence 
lifetimes also are sensitive to cluster size with lower pres- 
sures of argon giving shorter, nonexponential decay times. 
The broader S, +S, fluorescence spectra indicate that these 
samples are considerably warmer than those formed at high 
stagnation pressures, either because the Ar cluster bath is so 
small that S, +S, relaxation results in significant heating of 
the clusters, or because the clusters dissociate before decate- 
traene has fully vibrationally relaxed. These experiments in- 
dicate that the partitioning between S, +S,, and S, -S, 
emissions can be controlled by the argon/decatetraene stoi- 
chiometry and that several argons are required to relax the 
excited decatetraene into the zero-point vibrational level of 
S, . These observations also are consistent with rapid, nonra- 
diative decay of S, decatetraene with high excess vibrational 
energies. 

We thus focus on clusters in the “high-pressure” limit 
( PAr > 2 atm), where the decatetraene fluorescence appears 
to be insensitive to clustersize. In this limit the fluorescence 
is well described by single-exponential kinetics with a decay 
time of 360 ns. This, the longest emission lifetime observed in 

a linear polyene, confirms that the fluorescence is symmetry 
forbidden, as expected for the 2 ‘A, -+ 1 ‘A, transition of an 
all-tram polyene (cis isomer impurities would have consid- 
erably shorter S, lifetimes due to loss of the inversion 
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