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Investigations of the photoisomerization of trans-stilbene in 0.0 0,5 1,0 1,5 2,0

isolated molecules have led to specific rate consta(i} of t/ns

the unimolecular reaction that can satisfactorily be reproduced

.by optimized RRKM model'lné.The quality of this .mOdeI.mg. N at 323 K, following excitation at 310.4 nm (noisy line). Comparison

IS such that thermal averaging shoul_d lead to a_rellablg “r_n't'ng with master equation simulations convoluted with instrument response

high-pressure rate constaatof the unimolecular isomerization  fynction: (full line) without Franck-Condon cooling, (dashed line)

in the excited electronic state. Surprisingly, the result is about with Franck-Condon cooling to 208 K and average energy transferred

a factor of 20 smaller than measurements in low-viscosity liquid per deactivating collision of 100 crh (dotted line) 86 cm'. For details,

solvents? This is in striking contrast to the related photoisomer- see Figure 17 of 12.

ization of diphenylbutadiene where modeledand measure-

ments in low-viscosity solvents agrééA convincing expla- heightEy(P) and hence a pressure dependence of the effective

nation of the stilbene “anomaly”, and of the discrepancy between specific rate constant&(E,P) and the corresponding high-

the stilbene and the diphenylbutadiene system, is still lacking. pressure “limiting” rate constark.(P). The lowering of the
Gershinsky and Poll& attribute the factor of 20 increase effective barrierEqo(P) with increasing pressure then leads to

in stilbene to FranckCondon cooling upon excitation, which  the factor of 20 anomaly of.. In the preceding commetfit,

is not compensated by collisional heating in isolated molecules, Pollak questions this conclusion and defends the Franck

in contrast to the liquid phase where collisional thermalization Condon cooling hypothesis. However, apart from the more

is supposed to precede isomerization. The discrepancy betweemyeneral considerations given above, our measurement$¥rom

the stilbene and diphenylbutadiene systems is not addressed ifin many aspects are also in conflict with a Fran€kondon

this work. It is also not realized that extensive Fran€london cooling mechanism such as explained in the following.

cooling or heating effects in photoexcitation experiments have  Figyre 1 (corresponding to Figure 17 from ref 12) illustrates
not been demonstrated before in other molecular systems. Onyye jssue. The measured time dependence of the fluorescence
the contrary, other photochemical activation systems could be decay is compared with three numerical modeling curves
interpreted satisfactorily under the assumption that the thermal pi3ined by detailed master equation simulation. The dashed
energy of the ground state in absorption together with the photon 54 dotted curves correspond to time dependences obtained
energy was carried up more or less undistorted into the eXCitedassuming Franck-Condon cooling from an initial temperature
electronic state. Examples of such systems are alkyl-substitutedyt 50g K of the excited molecules (optimized fit), usik€E)
cycloheptatn?(r)]ésand benzenek], I'-(benzocyclobutylidené), of isolated stilbene, and employing a collisional energy transfer
and also N@ 2 Why shouldtransstilbene photoisomerization  mqqe| with average energies transferred per deactivating col-
be governed by FranekCondon cooling while all of these other  igjon of 100 and 86 ct, respectively. The results clearly differ

systems do not show evidence for such effects? from the experimental trace. Instead a modeling without

\We have recently done extensive new measuremeitarc Franck-Condon cooling with a pressure dependéti,P)
stilbene photoisomerization in moderately compressed bathagrees with the experiment (full curve in Figure 1): in the first

gasr(]astatk?resfsulrles_ V‘éheredﬂ:ﬁ reac|t|on' IS Iln th? falloff t(ange Ofs'[age, the excited molecules react with a thermal equilibrium
a photochemically induced thermal unimolecular reaction ap- population carried up from the ground state and, in the final

; . 1312 .
proaching the high-pressure lim#t:2The differences between stage, the depletion of excited states, such as typical in the falloff

the varlouz tt;]ath hgasgs (frotr)n He (';Qngf) are by farthmotrrt]e range of unimolecular reactions, develops and leads to a slower
pronounced than has been observed betore in any other erma\late. The initial decay within this analysis is determined by the

e a0 IESSUTE rae COnSISR(P) convolted wih apparaius
! p 4 P sponse, whereas the latter stage corresponds to the rate

k(P) before a transport-controlled decrease sets in, we can say
that the observe#(P) cannot be attributed to the usual falloff constank(P) of the falloff range. )
curve of a thermal unimolecular reaction. Our interpretation . Measurements of the temperature dependence of the derived

instead suggests a pressure dependence of the effective barrigf=(P) and of the corresponding barrier heighs(P) are
consistent with our interpretation. Figures 2 and 3 show

T Universita Gattingen. Arrhenius plot_s ok.(P) ar_u_JI the corresponding barrier heights
* Max-Planck-Institut fu biophysikalische Chemie. Eq(P) for a series of densities of the bath gas Whe results of
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rel. fluorescence intensity
T

Figure 1. Measured fluorescence decaytansstilbene in 2 bar of
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T T T T T T compare arbitrarily chosen single valuesk(f), such as done
in ref 14.

We conclude by emphasizing that tirans-stilbene photo-
isomerization in moderately compressed bath gases shows

o
[ ] unusual pressure and bath gas dependences; see Figures 12 and
14 of 12. These can neither be rationalized by collisional energy
2,0 ] transfer properties, such as typically encountered in falloff ranges
of thermal unimolecular reactions, nor by collisional energy
I ] transfer properties such as observed in unimolecular reactions

251

with chemical or photochemical activatiéh.The Franck-
Condon cooling mechanism, which would correspond to a
photochemically activated unimolecular reaction, therefore, first
can be ruled out on the basis of the observed bath gas
dependences of the experimental isomerization rates. Second,
1,0 N we have shown that a detailed master equation simulation of
the time dependence of the fluorescence decay is in contrast to
o TS T TR TR R TR T the Franck-Condon cooling mechanism while a modeling with
28 2,9 30 31 32 33 34 pressure dependent effective specific rate conskéBB) under
all conditions reproduces the experimental results; see Figure
1000 K/ T 1. Finally, our detailed experimental results for the temperature
Figure 2. Temperature dependence of high-pressure “limiting” rate  dependence of the rate constants in the bath gasith as
c_onstantsk,o(P) of transstilsbene in M3at different bat? gas conge_ntra— illustrated in Figures 2 and 3, clearly demonstrate the decrease
tions: ) fr?‘m S Xslcrl mol fcnrr bto 2.5 x 107 mollcrrrf In of the apparent threshold energi&$P) with increasing density.
increments of 5¢ 10°> mol cm* from bottom to top; @) values from This confirms the internal consistency of our interpretation.
extrapolation tck.(P—0). .
Temperature dependences of the rate constant in the transport-
T T T T controlled range in high-pressure liquids should not be compared
% T with the present low-viscosity results, because new effects such

1,5F

In (k /10°s™)

4 as the multidimensionality of the barrier crossing may become
relevant! Since Franck-Condon cooling apparently has also not
% T played a role in the series of other photoexcitation systems cited
1200 L i at the beginning of this Comment, we find no argument for its

- ® } singular presence in the stilbene system. We close by adding

1300

that, at this stage, we cannot comment on the recent work from
i ref 17 alluded to in ref 14, because the data and their analysis
have not yet been presented in a sufficiently detailed way.
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